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N-FORMYL HYDROXyiiAMINE COMPOUNDS AS INHIBITORS OF PDF 

This invention is directed to novel N-fonmyl hydroxylamine compounds, to the uses of these 
compounds In various medicinal applications, including treating disorders amenable to 
treatment by peptidyl deformylase inhibitors such as treatment of bacterial infections, and to 
phannaceutical compositions comprising these compounds. 

Treatment of microbial infection in host organisms requires an effective means to kill the 
microbe while doing as little harm to the host as possible. Accordingly, agents which target 
characteristics unique to a pathology-causing microorganism are desirable for treatment 
Penicillin Is an extremely well known example of such an agent. Penicillin acts by inhibiting 
biosynthesis of bacterial cell walls. Since mammalian cells do not require cell walls for 
survival, administration of penicillin to a human infected with bacteria may kill the bacteria 
without killing human cells. 

However, the use of antibiotics and antimicrobials has also resulted in increased resistance 
to these agents. As bacteria become resistant to older, nriore widely used antimicrobial 
agents, new antimicrobials must be developed In order to provide effective treatments for 
human and non-human animals suffering from microbial infection. 

Peptide deformylase is a metallopeptidase found in pnokaryotic organisms such as bacteria. 
Protein synthesis in prokaryotic organisms begins with N-formyl methionine (fMet). After 
initiation of protein synthesis, the fonmyl group is removed by the enzyme peptide 
defomiylase (PDF); this activity is essential for maturation of proteins. It has been shown that 
PDF is required for bacterial growth (Chang et al, J. Bacterid., Vol. 171, pp. 4071-4072 
(1989); Meinnel et al., J. Bacterid., Vd. 176, No. 23, pp. 7387-7390 (1994); Maze! et al., 
EMBO J., Vol. 13, No. 4, pp. 914-23 (1994)). Since protein synthesis in eukaryotic organisms 
does not depend on fMet for initiation, agents that will inhibit PDF are attractive candidates 
for development of new antimicrobial and antibacterial drugs. Prokaryotic organisms. 
Including disease-causing prokaryotes, are described in Balows A, Truper HG, Dworidn M, 
Harder W and Schleifer K-H (eds.), "The Prokaryotes", 2nd ed.. New Yoric: Springer-Veriag 
(1992); and Holt JG (editor-in-chief), "Berge/s Manual of Systematic Bacteriology", Vols. 1-4, 
Baltimore: Williams SWilklns (1982, 1986, 1989). 

PDF is part of the metalloproteinase superfamily. While PDF clearly shares many of the 
features which characterize metalloproteinases, it differs from other members of the 
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superfamily in several important respects. First, the metal ion in the active enzyme appears 
to be Fe (II), or possibly another divalent cationic metal, instead of the zinc ion more 
commonly encountered (Rajagopalan et aL, J. Am. Chem. Soc, Vol. 119, pp. 12418-12419 
(1997)). Second, the divalent ion appears to play an important role, not only in catalysis, but 
also in the structural integrity of the protein. Third, the third ligand of the divalent ion is a 
cysteine, rather than a histidine or a glutamate, as in other metalloproteinases and is not 
located at the C-tenninal side of the HEXXH motif but far away along the amino acid 
sequence and N-termlnal to the motif. Finally, the solution structure shows significant 
differences in the secondary and tertiary stmcture of PDF compared to other prototypical 
metalloproteinases (see Meinnel et al., J. Mol. Biol., Vol. 262, pp. 375-386 (1996)). PDF from 
E. coh\ Bacillus stearothermophitus, and Thermus thermophilus have been characterized 
(see Meinnel et al., J. Mol. BioL, Vol. 267, pp. 749-761 (1997)). The enzyme studied by 
Meinnel et al. contained a zinc ion as the divalent ion and the structural features summarized 
above were obtained from zino-containing proteins. The structure of the protein has also 
been determined by NMR (see O'Connell et al., J. BiomoL NMR, Vol. 13, No. 4, pp. 311-324 
(1999)), 

Metalloproteinases are critical to many aspects of nonmai metabolism. The class known as 
matrix metalloproteinases (MMPs) are involved in tissue remodeling, such as degradation of 
the extracellular matrix. These enzymes are believed to play a role in nomnal or beneficial 
biological events such as the formation of the corpus luteum during pregnancy (see Liu et al., 
Endocrinology, Vol. 140, No. 11, pp. 5330-5338 (1999)), wound healing (Yamagiwa et al., 
Bone, Vol. 25, No. 2. pp. 197-203 (1999)), and bone growth In healthy children (Bord et al., 
Bone, Vol, 23, No. 1, pp. 7-12 (1998)). Disorders involving metalloproteinases have been 
implicated in several diseases such as cancer, arthritis, and autoimmune diseases. 

Because of the importance of MMPs in nomnal physiological processes, it would be 
preferable to develop agents that inhibit PDF, a metalloproteinase present only in 
prokaryotes, while avoiding significant inhibition of MMPs. Alternatively, PDF inhibitors which 
also inhibit MMPs may be of use where the therapeutic benefits of Inhibiting PDF outweigh 
the risk of side effects from MMP inhibition. 

A wide variety of compounds have been developed as candidate inhibitors of MMPs and 
other metalloproteinases, and much effort has also been directed at synthetic methods for 
these compounds and related compounds (see Izquierdo-Martin et al., J. Am. Chem. Soc, 
Vol. 114, pp. 325-331 (1992); Cushman et al., Chapter 5, "Specific Inhibitors of Zinc 
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Metallopeptldases", Topics in Molecular Pharmacology, Burgen & Roberts, eds. (1981); 
Mohler at al.. Nature, Vol. 370, pp, 218-220 (1994); Gearing et al., Nature, Vol. 370. 
pp. 555-557 (1994); McGeehan et al., Nature. Vol. 370, pp. 558-561 (1994); U.S. Patent 
Nos. 4.052.511. 4,303,662. 4.311,705. 4.321,383. 4.599.361. 4.804.676. 5.128.346. 
5,256,657, 5.268.384. 5,447,929. 5.453,423. 5.552,419, 5.614.625, 5.643,908, 5,712,300, 
and 5,869,518; European patent publications EP 236872, EP 274453, EP 334244, EP 
423943, EP 489577, EP 489579. EP 497192. EP 574758; and International PCT Patent 
Applications Publication Nos. WO 90/05716, WO 90/05719, WO 91/02716, WO 92/13831. 
WO 92/22523, WO 93/09090, WO 93/09097, WO 93/20047. WO 93/24449, WO 93/24475, 
WO 94/02446, WO 94/02447. WO 94/21612, WO 94/25434. WO 94/25435, WO 95/33731. 
WO 96/25156, WO 96/26918 WO 97/30707, WO 97/49674, WO 98/55449, and 
WO 99/02510). 

Research on inhibitors of PDF is much iess extensive than that for inhibitors of MMPs. N< 
fonnyl hydroxylamine derivatives are described In International Patent Application WO 
99/39704. Peptide aldehyde inhibitors of PDFs are described in Durand et al., Arch. 
Biochem. Blophys., Vol. 367, No. 2, pp, 297-302 (1999). The PDF Inhibitor (S)-2-0-(H- 
phosphonoxy)-L-caproyl-L-leucyl-p-nitroannide Is described in Hao et al., Biochemistry, 
Vol. 38, pp. 4712-4719 (1999), and peptidyl H-phosphonate inhibitors of PDF are discussed 
in Hu et al., Bioorg. IMed. Chem. Lett., Vol. 8, pp. 2479-2482 (1998). Formylated peptides 
and pseudopeptides are described in Meinnel et al., Biochemistry, Vol.38, No. 14, 
pp. 4288-4295 (1999) as inhibitors of PDF. 

in view of the importance of Identifying new antibiotics to treat bacteria resistant to existing 
antibiotics, it is desirable to develop novel inhibitors of PDF for evaluation and use as 
antibacterial and antimicrobial agents. The present invention fulfills this need. 

In particular, the present invention provides a N-[1-oxo-2-allcyl-3-(N-hydroxyfonnamido)- 
propylHcarbonyiamino-aryl or -heterodryl)-azacyclo 4.7 allcane or thiazacycio 4-7 all<ane or 
imidazacycio 4-7 alkane (refenred to herein collectively as "compounds of the Invention"), a 
salt thereof or a prodrug thereof, e.g. a compound of fomnula (I): 
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H 




(I) 



Wherein X is -CHr, -CH(OHK -CH(ORK -CH(SH)-, -CH(SR)-, -CFr, -C=N(OR)- or 
-CH(F)-; wherein R Is alkyi; 
Ri is aryl or heteroaryl; 

each of R2, R3, R4 and R5 independently Is hydrogen or alkyI, or (R2 or R3) and (R4 or R5) 

collectively form a C4.7 cycloalkyi; and 

n is 0 to 3, provided that when n Is 0, X is -CH2-; or 

a salt thereof or a prodrug thereof* 

In one embodiment, Ri is a heteroaryl of fomnula (II) 



wherein each of Re, R7, Ra and Rg Independently Is hydrogen, alky), substituted alkyI, 
hydroxy, alkoxy, acyl, acyloxy, SCN, halogen, cyano, nitro, thioalkoxy, phenyl, 
heteroalkylaryl, alkylsulfonyi, orfomiyl; 

In another embodiment. Ri is preferably a heteroaryl of fomiula (11.1) 




(II) 




(IM) 



wherein Re, R?, Ra and R9 are as defined above for formula (II); 
e.g. wherein 
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a. ) Re is nitro, alkyi, substituted alkyi, phenyl, hydroxy, formyl, heteroalkylaryl, alkoxy, acyl or 

acyloxy; preferably alkyI, especially C1-7 alkyI; hydroxyl; or alkoxy, especially a C1.7 
alkoxy; and R7, Rg, and Rg are hydrogen; or 

b. ) Re, Re and Rg are hydrogen, and R7 is alkyI, substituted alky), phenyl, halogen, alkoxy or 

cyano, preferably alkyI, especially C1.7 alkyI; substituted alkyI, especially substituted C1-7 
alkyI such as -CF3; or alkoxy, especially C1.7 alkoxy; or 

c. ) Re, R7, R9 are hydrogen and Ra is alkyI, substituted alkyI, halogen, nitro, cyano, 

thioalkoxy, acyloxy, phenyl, alkylsulfonyl or carboxyalkyl, preferably alkyI, especially C1-7 
alkyi; substituted alkyI, especially -CF3; halogen; or carboxyalkyl; or 

d. ) Re, R7, Re are hydrogen and Rg is alkyI, halogen or hydroxy; or 

e. ) R7 and Rg are hydrogen, and each of Re and Ra independently is halogen, alkyI, 

substituted alkyI, phenyl or cyano; or 

f. ) each of R7 and Rg is alkyI or substituted alkyl and Re and Ra are hydrogen; or 

g. ) Re and Rg are hydrogen, R7 is alkyl or substituted alkyl and Ra is nitro; or 

h. ) Ra and Rgare hydrogen. Re is cyano, and R7 Is alkoxy; or 

i. ) R7 and Ra are hydrogen and Re is alkyl, substituted alkyl, alkoxy or SCN and Rg is alkyl or 

substituted alkyl; or 

j.) Re and R7 are hydrogen, Ra is nitro or halogen and Rg is alkyl or substituted alkyl; or 
k.) Ra, R?. Re and Rgare hydrogen; or 

L) Ra and R7 together with the carbon atoms to which they are attached Ibmi a phenyl 
group, preferably substituted with hydroxy, and Ra and Rg are hydrogen; or 

m.) Ra and R7 are hydrogen and Ra and Rg together with the carbon atonns to which they are 
attached fonn a phenyl group; or 

n.) n is 0; or 

o.) n is 0, and each of Ra, R7» Ra and Rg independently is hydrogen, alkyl or halogen and 

more particularly Ra* Rr* Rs and Rg are hydrogen; or 
p.) n is 0, and Re, Ra and Rg are hydrogen and R7 is alkyl; or 
q.) n is 0, and Re, R7and Rg are hydrogen and Ra is alkyl or halogen. 

In another embodiment, Ri is of fomiula (11.2) 
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(11.2) 



wherein Re, Ry, Ra and Rg are as defined above for fonmula (II); in particular, R7 and Re 
together with the carbon atoms to which they are attached fomfi a phenyl group and Re and 
R9 are hydrogen. 

In yet another embodiment, the Ri is of fomnula (III) 



wherein each of Re, R7, Re and R9 independently is hydrogen, alkyl. substituted alkyi, phenyl, 
halogen, hydroxy or alkoxy. 
e.g. wherein 

a. ) Re and Re are hydrogen, Rg is hydrogen or alkyl and R7 is alkyl, substituted alkyl or 

phenyl; 

b. ) Re, R7 and R9 are hydrogen and Re is halogen, alkyl or substituted alkyl 

c. ) R7, Re and R9 are hydrogen and Re Is hydroxy. 

In a particularly useful embodiment the heteroaryl Is of the fomiula (111.1) 




(III) 




(III.1) 



wherein Re, R7, Re and R9 are as defined above for fonmula (III). 
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In another embodiment. Ri is an unsubstituted phenyl or the phenyl is substituted with 
aikoxy, e.g. methoxy, or aryloxy, e.g. phenoxy. 

In another embodiment, the Ri is of formula (IV) 



wherein each of Rio and Rn independently is hydrogen or halogen. In particular, R^o and Rn 
are both either hydrogen or both halogen. 

Unless othenMse stated, the following tenms as used in the specification have the following 
meaning. 

The temri "cycloalkane" or cycloalkyl" contains from 3- to 7-ring carbon atoms, and is, e.g. 
cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. 

The temi "azacycio alkane" contains 1-ring heteroatom which is a nitrogen. It contains 
from 4 to 7, and especially 4- or 5-ring atoms including the heteroatom. 

The term "thiazacycio 4.7 alkane" contains 2-ring heteroatoms, nitrogen and sulfur. It contains 
from 4 to 7, and especially 5-ring atoms including the heteroatoms. 

The temi "imidazacyclo 4.7 alkane" contains 2-ring heteroatoms which are both nitrogen. It 
contains from 4 to 7, and especially 5-ring atoms including the heteroatoms. 

The term "alkyl" refers to saturated or unsaturated aliphatic groups such as alkenyl or alkynyl, 
cydoalkyl, or substituted aikyi including straight-chain, branched chain and cyclic groups 
having from 1 to 10 carbons atoms. Preferably "alkyl" or "alk", whenever it occurs, is a 
saturated aliphatic group or cydoalkyl, more preferably Ci.yalkyI, particularly Ci^alkyl. 
Examples of "alkyl" or "alk" indude, but are not limited to, methyl, ethyl, n-propyl, isopropyl, n- 
butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, neopentyl, n-hexyl or n-heptyl, cyclopropyl, and 
especially n-butyl. 

The tenn "substituted alkyl" refers to an alkyi group ttiat is substituted with one or more 
substitutents preferably 1 to 3 substitutents including, but not limited to substituents such as 
halogen, lower aikoxy, hydroxy, mercapto, carboxy. cydoalkyl, aryl, heteroaryl, and the like. 
Examples of substituted alkyI groups include, but are not limited to, -CF3, -CF2-CF3, 

-7- 




(IV) 
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hydroxymethyl, 1- or 2-hydroxyethyl, methoxymethyl, 1- or 2-ethoxyethyl, carboxymethyl, 1- 
or 2-carboxyethyl, and the like. 

The term "aryr or "Ar" refers to an aromatic carbocydic group of 6 to 14 carbon atoms having 
a single ring (including, but not limited to, groups such as phenyl) or multiple condensed rings 
(including, but not limited to, groups such as naphthyl or anthryl), and is especially phenyl. 

The tenm "heteroaryl" or "HetAf refers to a 4- to 7-membered, monocyclic aromatic 
heterocycle or a bicycle that is composed of a 4- to 7-membered, monocyclic aromatic 
heterocycle and a fused-on benzene ring. The heteroaryl has at least one hetero atom, 
preferably one or two heteroatoms including, but not limited to, heteroatoms such as N, O 
and S, within the ring. A prefened heteroaryl group is pyridinyt, pyrimidinyl or benzdioxolanyl. 

The aryl or heteroaryl may be unsubstltuted or substituted by one or more substituents 
including, but not limited to Ci.ralkyI, particulariy alkyi such as methyl, hydroxy, alkoxy, 
acyl, acyloxy, SCN. halogen, cyano, nitro, thioalkoxy, phenyl, heteroalkylaryl, alkylsulfonyl, 
and fonmyl. 

The term "carbonylamine" as used herein refers to a -NHC(O)- group wherein the amino 
portion of the group is linked to the aryl/heteroaryl and the carbonyt portion of the group is 
linked to the azacycio 4.7 alkane, thiazacycio 4.7 alkane or imidazacycio 4.7 alkane. 

The temi "heteroalkyl" refers to saturated or unsaturated C1-10 alkyI as defined above, and 
especially heteroalkyi which contain one or more heteroatoms, as part of the main, 
branched, or cyclic chains in the group. Heteroatoms may independently be selected from 
the group consisting of -NR- where R is hydrogen or alkyI, -S-. -0-, and -P-; preferably -NR- 
where R Is hydrogen or alkyI, and/or -0-. Heteroalkyi groups may be attached to the 
remainder of the molecule either at a heteroatom (if a valence is avaiiable) or at a cariaon 
atom. Examples of heteroalkyi groups include, but are not limited to, groups such as -O-CH3, 
-CH2-O-CH3, -CH2-CH2-O-CH3. -S-CHrCHa-CHa, -CHrCH(CH3)-S-CH3, and -CHrCHrNH- 
CH2"CH2*. 

The heteroalkyi group may be unsubstituted or substituted with one or more substituents, 
preferably one to three substituents, including but not limited to, alkyi, halogen, alkoxy, 
hydroxy], mercapto, carboxy, and especially phenyl. The heteroatom(s) as well as the carbon 
atoms of the group may be substituted. The heteroatom(s) may also be in oxidized form. 
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The term "alkoxy" as used herein refers to a Clio alkyi linked to an oxygen atom, or 
preferably d.r alkoxy. more preferably Ct^ alkoxy. Examples of alkoxy groups include, but 
are not limited to, groups such as methoxy, ethoxy, n-butoxy, fert-butoxy, and allyloxy. 

The temi "acyl" as used herein refers to the group -(0)CR where R is alkyl. especially C1-7 
alkyI such as methyl. Examples of acyl groups include, but are not limited to, acetyl, 
propanoyi and butanoyl. 

The terni "acyloxy" as used herein refers to the group -OC(0)R, wherein R is hydrogen, alkyI, 
especially C1.7 alkyI such as methyl or ethyl, or phenyl or substituted alkyI as defined above. 

The temi "alkoxycarbonyP as used herein refers to the group -COOR, wherein R is alkyI, 
especially C1.7 alkyI such as methyl or ethyl. 

The temi "halogen" or "halo" as used herein refer to chlorine, bromine, fluorine, Iodine, and is 
especially fluorine. 

The temi **thioalkoxy" as used herein means a group -SR where R is an alkyI as defined 
above, e.g. methylthio, ethylthio, propylthio, butylthio, and the like. 

The term "heteroalkylaryl" as used herein me&ns a heteroalkyi group, e.g. -O-CH^- 
substituted with an aryl group, especially phenyl. The phenyl group itself may also be 
substituted with one or more substituents such as halogen, especially fluoro and chloro, and 
alkoxy such as methoxy. 

The term "alkylsulfonyl" as used herein means a group -SO2R wherein R is alkyI, espedally 
C1.7 alkyI, such as methyl sulfonyl. 

"Protecting group" refers to a chemical group that exhibits the following characteristics: 
1) reacts selectively with the desired functionality in good yield to give a protected substrate 
that is stable to the projected reactions for which protection is desired; 2) is selectively 
removable from the protected substrate to yield the desired functionality; and 3) is removable 
in good yield by reagents compatible with the other functional group(s) present or generated 
In such projected reactions. Examples of suitable protecting groups may be found in Greene . 
et al., "Protective Groups in Organic Synthesis", 2nd Ed., John Wiley & Sons, Ina. New Yoric 
(1991). Prefenred amino protecting groups include, but are not limited to, benzyloxycarbonyl 
(CBz), t-butyl-oxycarbonyl (Boc), t-butyldimethylsilyl (TBDMS), Q-fluorenylmethyl-oxycarbonyl 
(Fmoc), or suitable photolabile protecting groups such as 6-nitroveratryloxy carbonyl (Nvoc), 

-9. 
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nitropiperonyl, pyrenylmethoxycarbonyl, nitrobenzyl. dimethyl dimethoxybenzyl, 5-bromo-7- 
nitrorndollnyl. and the like. Preferred hydroxy protecting groups include Fmoc, TBDMS, 
photolabile protecting groups (such as nitroveratryl oxymethyl ether (Nvom)), Mom (methoxy 
methyl ether), and Mem (methoxy ethoxy methyl ether). Particularly preferred protecting 
groups include NPEOC (4-nitrophenethyloxycarbonyl) and NPEOM (4-nitrophenethyloxy- 
methyloxycarbonyl). 

It will be appreciated that the compounds of formula (I) may exist in the fonri of optical 
isomers, racemates or diastereoisomers. For example, a compound of fonnula (I) wherein R2 
and R3 are different residues or wherein R4 and R5 are different residues, is asymmetric and 
may have the R- or S- configuration. It is to be understood that the present invention 
embraces all enantiomers and their mbctures. Similar considerations apply in relation to 
starting materials exhibiting asymetric carbon atoms as mentioned. 

The compounds of the invention, e.g. the compounds of fomnula (I), may exist in free forni or 
in salt fomri, e.g. in fonm of a phamiaceutically acceptable salt. A "phamnaceutically 
acceptable salt" of a compound means a physiologically and pharmaceutlcally acceptable 
salt that possesses the desired phanmacologlcal activity of the parent compound and does 
not impart undesired toxicological effects. Such salts include: 

(1) acid addition salts, formed with inorganic adds such as hydrochloric acid, hydrobromic 
acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with organic adds 
such as acetic acid, propionic acid, hexanoic add, cydopentanepropionic acid, glycolic 
add, pyruvic acid, lactic add, malonic acid, succinic add, malic add, maleic acid, 
fumaric acid, tartaric add. citric add, benzoic acid, 3-{4-hydroxybenzoyl)benzoic add. 
dnnamic add, mandelic add, methanesulfonic add, ethanesulfonic add, 1,2-^thane- 
disulfonlc add, 2-hydroxyethanesulfonic add, benzenesulfonic add, 4-chlorobenzene- 
suifonic add, 2-napthalenesulfonic add, 4-toluenesuifonic acid, camphorsulfonic add, 3- 
phenylpropionic acid, trimethylacetic add, tertiary butylacetic add, lauryl sulfuric add, 
gluconic acid, glutamic add, hydroxynapthoic add, saliqriic acid, stearic acid, muconic 
acid, and the like; or 

(2) salts formed when an addic proton present in the parent compound either Is replaced by 
a metal Ion, e.g. an alkali metal ion, an alkaline earth ion, or an aluminum ion; or 
coordinates with an organic base such as ethanolamine, diethanolamine, triethanol- 
amine, tromethamine, N-methylglucamine, and the like. 



-10- 
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A compound of the invention, e.g. the compounds of fomnula (I), may act as a pro-drug. 
"Prodrug" means any compound which releases an active parent drug according to fomnula 
(I) in vivo when such prodrug is administered to a mammalian subject Prodrugs of a 
compound of formula (I) are prepared by modifying functional groups present in the 
compound of fomnula (I) in such a way that the modifications may be cleaved in vivo to 
release the parent compound. Prodrugs include compounds of formula (I) wherein a hydroxy, 
amino, or sulfhydryl group Is bonded to any group that may be cleaved in vivo to regenerate 
the free hydroxyl. amino, or sulfhydryl group, respectively. Examples of prodrugs include, but 
are not limited to esters (e.g. acetate, fomiate, and benzoate derivatives), carbamates (e.g. 
N, N-dimethylamino-carbonyl) of hydroxy functional groups in compounds of fomnula (I), and 
the like. 

In the compounds of fomiula (I), the following significances are preferred individually or In 
any sub-oombination: 

1. Ri is a heteroaryl of fomnula (11.1) wherein Re, R7 and R9 are hydrogen and Ra Is methyl 
or trifluoromethyl; or Re, R7 and Re are hydrogen and R9 is fluoro; or Re, Re and R9 are 
hydrogen and R7 Is ethyl or methoxy; or R7, Re and Rg are hydrogen and Re is hydroxy; 
or R7 and Re are hydrogen. Re Is methoxy and R9 is methyl; or Ri is a heteroaryl of 
fomnula (III.1) wherein Re, R7 and R9 are hydrogen and Re is fluoro or trifluoromethyl; or 
Re, Ra and R9 are hydrogen and R7 is ethyl; preferably Ri is a heteroaryl of formula (11.1) 
wherein Re, Re and R9 are hydrogen and R7 is ethyl or a heteroaryl of fomnula (III.1) 
wherein Re, R7 and R9 are hydrogen and Re is fluoro. 

2. X is -CH2-, -CH(OH)-, -CH(OR)-. -CF2- or -CH(FK preferably X fs -CH2-; 

3. R2, R3, R4 are hydrogen; 

4. R5 is alkyi, preferably C1.7 alkyi such as n-^^utyl; 

5. nisi. 

The present invention also provides a process for preparing a compound of the Invention, 
e.g. a compound of formula (I) which process comprises reacting a compound of formula (V) 




Y, 
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wherein R2, R3, R4 and R5 are as defined above and Y is a hydroxy protecting group, or a 
functional derivative thereof, with a compound of formula (VI) 



wherein Ri. X and n are as defined above, and X' Is NH or O, and where required, converting 
the resulting compounds obtained in firee form into salt fonms or vice versa. 

Functional derivatives of compounds of fomnula (V) include e.g. halogenides, e.g. acid 
chloride, acid anhydride or an activated ester. 

Above reactions may be carried out according to methods known in the art or as disclosed in 
the Examples below. The reaction may conveniently be canled out in the presence of a base 
and then followed by hydrogenation, prefereably in the presence of a hydrogenation catalyst 
Suitable bases include e.g. Hunig base (i.e. diisopropylethylamine) and inorganic bases such 
as sodium bicarbonate. The hydrogenation catalyst, preferably a palladium catalyst, e.g. 
palladium on carbon or palladium black, may then be added to the resulting product, e.g. 
after concentration and stin^d under a hydrogen atmosphere e.g. for about 16 to about 24 
hours. The palladium catalyst may be added preferably from about 5 mol% to about 10 mol% 
of the concentrated product. 

Compounds of fomnula (V), used as starting materials, may be prepared e.g. by reacting a 
compound of fonmula (VII) 



wherein R2, R3, R4, Rs, and Y are as defined above, e.g. under mild basic conditions e.g. as 
known in the art. Typically, this reaction may be canied out by dissolving the compound of 
fomnula (VII) e.g. in a mixture of an inert solvent, such as THF, DMF, toluene, dioxane or 
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CH2CI2, and water, and adding hydrogen peroxide and tlien an aqueous solution of the base 
in water to the cooled mixture. Examples of base include, e.g. sodium bicarbonate, lithium 
hydroxide, sodium hydroxide and the like. The base may be used preferably at from about 
1.1 to about 1.5 equivalents to the compound of formula (VII). 

Compounds of formula (Vll) may be produced e.g. by reacting a compound of formula (VIII) 
wherein R2, Ra, R4, Re and Y are as defined above, with fomrilc add as known in the art. The 
reaction may typically be carried out, e.g. at 0*C, by adding a solution of acetic anhydride in 
fomiic acid to a solution of a compound of fomnula (VIII) in fomiic acid. 




(VIII) (IX) 




(X) (XI) (XII) 



Compounds of formula (Vlll) may be prepared e.g. by reacting a compound of fonnula (IX) 
wherein R2, R3, R4 and R5 are as defined above, with a solution of p-toluenesulfonic acid In 
an Inert organic solvent, and a solution of Na2C03, e.g. 1 M, as known In the art 

Compounds of fonnula (IX) may be prepared e.g. by reacting a compound of fomiula (X) 
wherein R2, R3 and R5 are as defined above, with a hydroxy protected compound of 
formula (XI) wherein Y is aryl, alkyi, aralkyl or silyl, as known In the art 

The compound of fomiula (X) may be produced e.g. by reacting a compound of formula (XII) 
with pivaloyi chloride, wherein R4 is as defined above, as known In the art. 
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Insofar as the production of starting materials is not particularly described, the compounds 
are known or may be prepared analogously to methods known in the art or as disclosed in 
the examples hereinafter. 

The following abbreviations are used: 

DIEA = dlisopropylethylamine 
DMF = dimethylformamide 
DMSO - dimethylsutfoxide 
EtOAc = ethyl acetate 
FC = flash chromatography 

HATU = 0-(7-a2a-benzotriazol-1-yl)-N,N,N',N -tetramethyluronium hexafiuorophosphate 

MCPBA = meta-chloroperoxy-benzoic add 

PFP = pentafluorophenyl 

p-TSA = p-toluenesulfonic acid 

rt = room temperature 

TFA =s trifluoroacetic add 

THF = tetrahydrofuran 

General Procedure A : Synthesis of 1-{2(R)-[(formylhydroxyamino)-niethyl]-alkanoyl}- 
pyrrolidine*2(S)-carboxylic acid amide (Scheme) 

Step 1 : 2-n-butyI acrylic acid (A-2) 

To a solution of alkyi malonic acid A-1 (R = n-butyl (107.4 mmol) In ethanol (200 ml) is 
added piperidine (12.7 ml, 128.8 mmol, 1.2 equiv.) and 37% aqueous fonmaldehyde (40.0 
ml, 536.9 mmol, 5 equiv.). The solution is heated to 80*C during which time a precipitate 
appears, and then gradually re-dissolves over 1 h. The reaction mixture is stirred at 80*^0 
overnight then cooled to rt The solvents are removed under reduced pressure, and the 
residue is dissolved in EtOAc. washed successively with 1M HCI and brine, dried over 
anhydrous Na2S04, and filtered. The filtrate is concentrated to give the title compound A-2 
as a clear oil. 

Step 2: 4-benzyl-3-(2-butyl-acryloyl)-oxazolidin-2-one (A-3) 

2-n-ButyI acrylic add (9.90 g, 77.2 mmol, and 1 equiv.) Is dissolved in dry THF (260 ml) and 

cooled to -78*C under nitrogen. Hunig's base (17.5 ml, 100.4 mmol, 1.3 equiv.) and pivaloyi 

chloride (9.5 ml, 77.2 mmol. 1 equiv.) are added at such a rate that the temperature remains 

below -eO'^C. The mixture is stinred at -78X for 30 min, wanned to rt for 2 h, and finally 
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cooled back to -yS'^C. In a separate flask. (S)-(-)-4-benzyl-2-oxazoliclinone (13.49 g. 77.24 
mmol) Is dissolved in dry THF (150 ml) and cooled to -78'C under nitrogen. n-Butyllithium 
(2,5M solution in hexanes, 30.9 ml, 77.2 mmol, 1 equiv.) is added slowly at -78**C, and the 
mixture is stirred for 30 min at rt. The resulting anion Is slowly transfenred via a cannula Into 
the original reaction vessel. The mixture is allowed to warm to rt and is stirred ovemight at rt. 
The reaction is quenched with 1M KHCO3, and the solvents are removed under reduced 
pressure. The residue is partitioned between EtOAc and water. The oiganic layer is washed 
with brine, dried over anhydrous Na2S04, filtered, and concentrated to give a yellow oil which 
is purified by FC (hexane:EtOAc = 4:1) to yield the title compound A-3 as a white solid. 
1H NMR (CDCI3): 5 7.39-7.20 (m. 5H), 5.42-5.40 (d, J = 7.14 Hz, 2H), 4.76-4.68 (m. 1H), 
4.29-4.16 (m, 2H), 3.405.35 (dd, J = 3.57, 13.46 Hz, 1H), 2.86-2.79 (dd. J = 9.34, 13.46 Hz, 
1H). 2.42-2.37 (t, J = 7.69 Hz. 2H). 1.55-1.30 (m, 4H), 0.95-0.90 (t, J = 7.14 Hz. 3H). ES-MS: 
calcd. For C17H21NO3 (287,35); found: 288.5 [M+H]. 
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Step 3: 4-benzyl-3-[2-(benzyloxyamino-methyl}-hexanoyl]*oxazolidin-2-one (p-toluene- 
sulfonic acid salt) 

Compound A-3 (8.25 g, 28.7 mmol) is mixed with O-benzylhydroxylamine (7.07 g, 57.4 
mmol, 2 equlv.) and stined for 40 h at rt under nitrogen. The mixture is dissolved in EtOAc 
and p-TSA (21.84 g, 114.8 mmol, and 4 equiv.) is added to precipitate excess O- 
benzylhydroxylamine as a white solid. The white solid is filtered off, and the filtrate is 
concentrated to give a crude yellow oil (HPLC analysis indicated a small trace of starting 
material). Charging the crude yellow oil v^th excess diethyl ether and cooling to 0**C for 30 
min gives a solid which Is collected by filtration and dried in vacuo to afford the title 
compound as a white crystalline solid (single diastereomer). 

1H NMR (CDCI3): § 8.07-8.04 (d, J = 8.24 Hz. 2H). 7.59-7.39 (m, 10H), 7.18-7.15 (d, J = 
7.69 Hz, 2H), 5.49-5.40 (q. J = 8.61 Hz, 2H), 4.65^.56 (m. 1H), 4.25-4.08 (m. 3H), 3.83-3.79 
(d, J = 13.46 Hz. 1H). 3.15-3.11 (d. J = 13.46 Hz, 1H), 2.56 (s, 3H), 1.83-1.67 (m. 4H), 1.40 
(bs, 4H). 1.00-0.951 (t, J = 6.87, 3H). ES-MS: calcd. For Ca4H3oN2Q4*C7HB03S (582.71); 
found: 41 1.7 [M+H] free base. 

Step 4: 4-benzyl-3-[2-(benzyloxyamino-methyl)-hexanoyl]-oxazolidln-2-one (A-5) 
To a solution of p-TSA (22.9 g, 39 3 mmol) dissolved in EtOAc (400 ml), is added 1M 
NaaCOa (200 ml, 5 equrv.) and stinred at(rt^for 30 min. The layers are separated, and the 
aqueo us layer extradedjft ffi^Et^ combined organic layers are dried over anhydrous 
Na2S04. filteredrand'concentrated to give the title compound as a pale opaque oil. 
1H NMR1[CDCI3): § 7.57-7.38 (m, 10H), 4.98-4,90 (m. 2H), 4.87-4.79 (m, 1H), 4.38-4.28 (m, 
3A), 3.64-3.57 (dd, J = 9.21, 12.64 Hz, 1H), 3.46-3.36 (td, J = 3.76, 13.05 Hz, 2H). 2.68-2.60 
(dd, J = 10.03, 13.46 Hz, 1H), 1.90-1.88 (m. 1H), 1.78-1.71 (m, 1H), 1.51-1.44 (m, 4H), 1.10- 
1.06 (t, J = 6.73 Hz, 3H). ES-MS: calcd. For C24H30N2O4 (410.51); found: 411.7 [M+H]. 

Step 5: yV-[2-(4-benzyl-2-oxoK>xazolidIne-3-carbonyl)-hexyl]-/V-benzyloxy-formamide 
(A-6) 

A solution of compound A-5 (5.38 g, 13.1 mmol, 1 equiv.) in fomiic acid (7.4 ml, 196.6 mmol, 
45 equiv.) is cooled to 0*C under nitrogen. In a separate flask, J omnic aci d (7.4 ml. 196.6 
mmol, 15 equiv.) is cooled to O^'C under nitrogen, and acetic anhydride (2.47 ml, 26.2 mmol, 
2 equiv.) is added dropwise. The solution Is stirred at OX for 15 min. The resulting mixed 
anhydride is slowly transferred via syringe into the original reaction vessel. The mixture is 
stin-ed at 0**C for 1 h, then at rt for 3 h. The mixture Is concentrated, taken up In CH2CI2, and 
washed successively with saturated NaHCOa and brine. The organic layer Is dried over 
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anhydrous NbzSOa, filtered, and concentrated to give an opaque oil which is purified by FC 
(hexaneiEtOAc = 2:1 then CH2Cl2:acetone = 9:1) to yield the title compound as a colorless 
oil. 

1H NMR (CDCI3. rotamers): 6 8.38 (s, OJH), 8.21 (s. 0.3H), 7,54-7.35 (m. 10H). 5.0-5.00 (m, 
2H), 4.88-4.81 (m, 1H), 4.39^.29 (m. 4H), 4.07-4.03 (m, 1H), 3.43-3.39 (m, 1H), 2.66-2,58 
(m, 1H), 1.89 (bs, IH), 1J3 (bs, 1H), 1.49-1.44 (m, 3H), 1.10-1.06 (t, J = 6.73 Hz, 3H). ES- 
MS: calcd. For C25H30N2O5 (438.52); found: 439.7 [M+H]. 

Step 6: 2-[(benzyloxy-formyl-amino)-methyl]-hexanoic acid (A-7) 
Compound A-6 (0.163^g, 0.372 mmol, 1 equiv.) Is dissolved in THF (4.5 ml) and water (1.5 
ml) and cooled tqO^C.^ Hydrogen peroxi de (30% in water, 228 pi, 2.23 mmol, 6 equiv.) Is 
added dropwlse followed by the slow addition of a solution of lithium hydroxide (0.019 g, 
0.446 mmol, 1.2 equiv.) in water (350 pi). The resulting mixture is stirred at O'C for 1.5 h. 
The basic reaction mixture is quenched with Amberlite IR-120 resin (H*) to pH 4-5 at O^^C. 
The resin is filtered off and rinsed with EtOAc. The mixture Is concentrated to remove THF, 
and then taken up in EtOAc. The aqueous layer is separated, and the organic layer dried 
over anhydrous Na2S04. filtered, and concentrated to give an opaque oil which is purified by 
FC (CH2Cl2:acetone = 4:1 then acetone: methanol = 99:1) to yield the title compound A-7 as 
a coloriess oil. 

1H NMR (DIVISO-de, rotamers): 5 11.2 (s, 1H). 8.20 (s, 0.2H), 7.95 (s, 0.8H), 7.33-7.41 (m, 
5H). 4.87 (s, 2H). 3.71 (bs. 2H), 2.50 (bs, 1H), 1.35-1.45 (m. 2H), 1.14-1.28 (m, 4H), 0.857- 
0.813 (t. J = 13.1 Hz, 3H). ES-MS: calcd. For C16H21NO4 (279,33); found: 278.5 (M-Hl, 302.5 
[M+Na]. 

Step 7: 1-{2-[(benzyloxy-formyl-am(no)-methyl]-hexanoyl}-pyrrolidIne-2«carboxyllc 
acid amide 

To a solution of compound A-7 (0.190 g. 0.680 mmol, 1 equiv.) in dry dioxane (4 ml) at rt 
under nitrogen is added successively Hunig's base (391 pi, 2.24 mmol, 3.3 equiv.), amine A- 
8 (0.748 mmol, 1.1 equiv.) and HATU (0.284 g, 0.748 mmol, 1.1 equiv.). The resulting 
mixture is stinted at rt for 22 h. The mixture is partitioned between EtOAc and 10% citric acid. 
The organic layer is washed with brine and saturated NaHCOa. dried over anhydrous 
Na2S04, filtered, and concentrated. The residue is purified by FC (CH2Cl2:acetone = 3:1) to 
give the title compound as a coloriess oil. 
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Step 8: H2-[(formyl-hydroxy-amino)*methyl]-hexanoyl}-pyrrolidine-2-carboxylic acid 
amide (A-9) 

Pd-C (0.059 g, 0.1 equiv.) is added to a solution of above compound (0.550 mmol, 1 equiv.) 
in a 1:1 EtOAc/ethanol solution (12 ml) under nitrogen. The mixture is stinred under hydrogen 
atmosphere for 36 h. The catalyst is removed by filtration through a pad of Celite. The filtrate 
is concentrated, and the residue is purified by preparative TLC (CHaCkracetone = 2:1) to 
give the title compound as an amorphous solid. 

General Procedure B : Synthesis of 1-{2(R)-[(formylhydroxyamlno)-methyl]-alkanoyl}- 
pyrrolidlne-2(S)-carboxylate ester 



X = CHz, -S^. -CH(OH)., -CH(OR)., .CH(SH)-. -CH(SR)-, -CFr, -C=N(OR)- or -CH(F)-; n = 0 to 3 

Step 1 : 1 -^2-[(ben2yloxy-f ormy]-amino)-methyq-hexanoyl}-pyrrolldlne-2-carboxyllc 
acid ester 

To a solution of compound A-7 (0.680 mmol, 1 equiv.) In dry dioxane (4 ml) at rt under 
nitrogen is added successively Hunig's base (391 pi. 2.24 mmol, 3.3 equiv.), amine A-10 
(0.748 mmol, 1.1 equiv.) and HATU (0.284 g, 0.748 mmol, 1.1 equiv.). Usual work-up and 
purification provides the titie compound. 

Step 8: 1{2-[(fonnyl-hydroxy-amino)-methyI]-hexanoyl}-pyrrolidine-2-carboxync acid 
ester (A-11) 

Pd-C (0.059 g, 0.1 equiv.) is added to a solution of above compound (0.550 mmol) in a 1:1 
EtOAc/ethanol solution (12 ml) under nitrogen. The mixture is stinred under hydrogen 
atmosphere for 36 h. By following the same procedure as disclosed above, tiie titie 
compound is obtained. 




X=CH2,S 
n = 0,1,2 
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Example 1 : 1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidine-2-S-carbO' 
xylic acid pyridin-2-yIaniide 

The title compound is prepared according to General Procedure A from 2-[(ben2yloxy- 
fonnyl-amino>-methyl]-hexanoic acidArJ^^^ and pyrrolidlne-2-carboxylic add 

pyridin-2-ylamide A-8 (X = CH2, n kCRi = 2-pyridyl). y 



1H NMR (DMSO-de): 5 10J (s, 1H), 9.89 (s. 1H). 8.50.8.44 (m, 1H). 8.23^8.17 (m. 1H). 7.97- 
7.92 (m, 2H), 7.29-7.25 (m. 1H), 4.83-4.71 (m. 1H), 3.91-3.51 (m, 4H). 3.30-3.15 (m. 1H), 
2.46-1.83 (m, 4H), 152-1.31 (m, 6H). 1.11-0.93 (m, 3H). ES-MS: calcd. for C18H26N4O4 
(362.42); found: 363.6 [M+H], 385.5 [M+Na]. 

Preparation of pyrrolIdine-2-S*carboxylic acid (pyridin-2-yi) amide A-*8 pC a CH2> n » 1, 
Ri 8 2-pyridyl) 

2-S-{pyrldln-2-ylcarbamoyl)-pyrrolidine-'1-carboxylic acid benzyl ester 
A solution of 2-S-(chlorocarbonyl)-pynrolldine-1-carboxyllc add benzyl ester (5.0 g, 18.7 
mmol, 1 equlv.) In pyridine (40 ml) Is cooled to O'^C under nitrogen. 2-Amlnopyridlne (5.27 g, 
56.0 mmol, 3 equiv.) In pyridine (10 ml) Is added dropwise. The resulting mixture is stimed at 
rt for 4 h, then concentrated. The residual oil is dissolved In EtOAc and washed successively 
with water, 10% citric add, saturated NaHCOs, and brine. The organic layer is dried over 
anhydrous Na2S04, filtered, and concentrated to give the title compound as an opaque solid. 
1H NMR (DMSO-de): 5 10.8-10.7 (d, J = 15.6 Hz. 1H), 8.51-8.49 (m. 1H), 8.29-8.24 (m. 1H), 
8.01-7.93 (m, 1H), 7.57-7.48 (m, 3H), 7.40-7.25 (m, 3H), 5.31-.22 (m, 2H). 4.7&4.68 (m, 
1H). 3.72-3.58 (m, 2H), 2.50-2.31 (m. 1H), 2.14-1.95 (m. 3H). 
Pyrroiidine-2«S-carboxyllc acid (pyridin-2-yl) amide hydrobromic acid salt 
A solution of above compound (4.21 g, 13.0 mmol, 1 equiv.) in AcOH (65 ml) at rt is treated 
with HBr (5.7M, 33% in AcOH, 110 mi, 649 mmol, 50 equiv.), and the mixture is stirred at rt 
for 2 h. Charging the reaction mixture with excess diethyl ether and cooling to OX for 30 min 
gives a solid which is collected by filtration and dried In vacuo to afford the title compound as 
a brownish powder. 

1H NMR (DMSO-de): 5 11,3 (s, 1H), 8.89 (bs, 1H), 8.57-8.5 (m, 1H), 8.24-8.22 (m. 1H). 8.08- 
8.03 (m, 1H). 7.40-7.36 (m, 1H). 4.61 (bs, 1H), 3.47-3.45 (m, 2H), 2.65-2.55 (m, 1H). 2.21- 
2.07 (m, 3H). ES-MS: calcd. for CioHi3N30*2HBr (353.05); found: 192.4 [M+H] free base. 

Example 2 : 1 -{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidlne-2»S>-carbo- 
xylic acid-(3-methyl-pyridin-2*yl)-amide 
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The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
formyl-amino)-methyl]-hexanoic add A-7 (R=n-butyl) and^pyrrolidiner^carboxylic acid (3- 
methyl-pyridin-2-yl)-amide A-8 p< = CH2, n = (\^Ri = 2-(3-methyl)pyridyV A-8 is prepared 
from 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyi sster and'^^picoline as described 
for the synthesis of pynrol!dine-2-carboxylic acid pyridin-2-yl-amide (hydrobromic acid salt) in 
Example 1. 

1H NMR (DMSO-de): § 8.45-8.42 (m. 1H), 8-7.8 (m. 1H), 7.4-7.36 (dd. 1H). 4.7 (bs, 1H), 3.8 
(m. 4H), 3.15-3.3 (m, 1H), 2.37-2.3 (bs, 3H). 2.12 (bs, 4H), 1.65-1.43 (m, 6H). 1.03-1 (d, J = 
6.2 Hz, 3H). ES-MS: calcd. for C19H28N4O4 (376.45); found: 377 J [M+H]. 

Example 3 ; 1 -{2«R-[(f onnyl*hydroxy-amino)Hiiethyl]-hexanoyl}-pyiTol^ 
xylic acid*(6-methyl*pyridin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomnyl-amino)-methyl]-hexanoic add A-7 (R=n-butyl) and pyrrolidine-2-carboxylic acid (6- 
methyl-pyridin-2-yl)-amide A-8 (X = CH2, n = 1, Ri = 2-(6-methyl)pyridyl). A-8 is prepared 
from 2-chlorocarbonyl-pyrrolldine-1-carboxylic acid benzyl ester and 6-picoline as described 
for the synthesis of pynrolidine-2-carboxylic add pyridin-2-yl-amide (hydrobromic add salt) in 
Example 1. 

1H NMR (DMSO-de): § 8,04-7.8 (m, 1H). 7.2-7.12 (d. J = 7.42 Hz. 1H), 4.75-4.73 (d, J = 4.4 
Hz. 1H). 3.85-3.71 (m. 4H), 3.21 (t)S, 1H). 2.58 (bs. 3H). 2.3-2.1 (m, 4H), 1.67-1.42 (m. 6H). 
1.06-1.04 (d, J = 6.3 Hz. 3H). ES-MS: calcd. for CieH2eN404 (376.45); found: 377.7 [M+H]. 

Example 4: 1-{2-R-[(formyl-hydroxy-amlno)-methyq-hexanoyl}-pyrrolidine-2-S-car^ 
xylic acid-(4-methyl-pyrldln-2-yl)-amlde 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 

formyl-amino)-methyO-hexanoic add A-7 (R=n-butyl) and pynroIidine-2-carboxyllc acid (4- 

methyl-pyridin-2-yl).am[de A-8 (X = CH2. n = 1, Ri = 2-(4-methyI)pyridyl). 

1H NMR (DMSO-de): § 8.35-8.34 (d. J = 4.67 Hz, 1H). 8.08-7.98 (d. 1H), 4.75-4.73 (d, J = 

4.67 Hz, 1H). 4.74 (bs. 1H). 3.73 (bs, 2H), 3.52 (bs, 2H), 2.49 (bs, 3H), 2.27-2.05 (m, 4H), 

1.66-1.46 (m. 6H), 1.05 (bs. 3H). ES-MS: calcd. for C,9H28N404 (376.46); found: 377.7 

[M+HJ. 

A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic add benzyl ester and 4- 
picoline as described for the synthesis of pynrolidine-2-carboxylic add pyridin-2-yl-amide 
(hydrobromic acid salt) in Example 1 . 
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2-S-(4-methyl-pyridin-2-ylcarbamoyl)>pyiTolidine-1-carboxyiic acid benzyl ester 

1H NMR (DMSO-de): 5 8.33 (bs, 1H), 8.17-8.13 (m, 1H). 7.81-7.77 (m. 1H),7.6-7.3 (m. 4H), 
5.9-5.11 (m, 2H), 4.72-4.66 (m, 1H). 3.68-3.61 (m, 2H), 2.44 (bs, 3H), 2.34-1.98 (m, 4H). ES- 
MS: calcxi. for C19H21N3O3 (339.39); found: 340.6 [M+H]. 

. Pyrrolidine-2-S-carboxylic acid (4-inethyl-pyridln-2-yl) amide hydrobromic acid salt 

1H NMR (DMSO-de): § 8.45-8.43 (d, 1H, J = 5.2 Hz). 8.03 (bs. 1H), 7.29-7.28 (d. J = 5.2 Hz. 
1H), 4.64 (bs, W), 3.47 (bs. 2H), 2.63 (bs. 3H), 2.56-2.07 (m, 4H). ES-MS: calcd. for 
C11H15N3O (205.12); found: 206.4 [M+H]. 

Exaniple 5; 1-{2-R-{(fbrmyl-hydroxy-amino)-ni6thyl]-hexanoylH>yrrolldine-2-S-carbo- 
x^ic acid-(5-fluoro-pyrldin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzylQxy- 

fomiyl-amino)-methyl]-hexanoic add A-7 (Rsi>tuj^l)_|»}d pyireliding^-car^ add (5- 

fluoro-pyridin-2-yl)-amide A-8 (X = CH2, n = iCRi = 2-(5-fluoro)pyridy l). 

1H NMR (DMSO-de): § 8.51-8.44 (m, 1H), 8.3^.25 (m, 1H), 7.97-7!88frnri H). 4.75 (bs. 1H), 

3.82-3.72 (m. 2H), 3.65-3.52 (m. 2H), 3.21 (bs, 1H). 2.7-2.68 (m. 4H), 2.3-1.45 (m. 6H). 1.04 

(d, 3H). ES-MS: calcd. for C18H25FN4O4 (380.42); found: 381.7 [M+H]. 

A-8 Is prepared from 2-chlorocarbonyl-pynrolidine-1-carboxylic add benzyl ester and 5- 

fluoro-pyridin-2-ylamine as described for the synthesis of pyrrolidlne-2-carbo}^lic add 

pyridin-2-yl-amide (hydrobromic add salt) in Example 1. 

Pyrrolidine-2-S-carboxylic acid (5-fluoro-pyrldln-2-yl) amide hydrobromic acid salt 
1H NMR (DMSO-de): § 8.58-8.57 (d, J = 3.02 Hz. 1H), 8.3-8.25 (m, 1H). 8.05-7.83 (m. 1H), 
4.62-4.59 (d, J = 7.87 Hz, 1H), 3.46 (bs, 2H). 2.69-2.55 (m, 1H). 2.21-2.06 (m, 3H). ES-MS: 
calcd. for G10H12FN3O (209.1); found: 21 0.4 [M+H]. 

Example 6 : 1 -{2-R-[(fbrmyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidine-2-S-carbo* 
xyiic acId-(5-methyl-pyridin-2-yl)-amlde 

The title compound Is prepared according to General Procedure A from 2-[(benzylo)^ 
formyl-amino)-methyl]-hexanoic add A-7 (R=n-butyi) and pyn'olidine-2-carboxylic add (5> 
methyl-pyridln-2-yi)-amide A-8 p( = CH2, n = 1, Ri = 2-(5-methyl)pyridyl). 
1H NMR (DMSO-de): § 7.95-7.92 (d. J = 8.52 Hz, 1H), 7.78 (bs, 1H). 7.6-7.58 (m, 1H). 4.55 
(bs, 1H). 3.88-3.64 (bs, 2H), 3.33-3.29 (bs, 2H), 3.1-2.9 (m, 1H); 2.24 (bs. 3H), 2.11-1.87 (m, 
4H), 1.48-1.26 (m, 6H). 0.87-0.85 (d. 3H). ES-MS: calcd. for C18H28N4O4 (376.46); found: 
377.7 [M+H]. 
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A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 5- 
methyl-pyridin-2-ylamlne as described for the synthesis of pyrrolidine-2-carit>oxyIic add 
pyridtne-2-yl-amide (hydrobromic acid salt) in Example 1. 

2-S-<5-methyl-pyridin-2-ylcarbamoyl)->pyrrolidine-1-carboxyiic acid benzyl ester 
1H NMR (DMSO-de): § 8.36-8.35 (d, J - 4.7 Hz, 1H). 8.12 (bs. 1H). 7.57-7.14 (m. 5H), 5.3- 
. 5.11 (m. 2H). 4.74-4.68 (t, J = 9.34 Hz, 1H), 3.7-3.62 (m, 2H). 2.5 2 (bs. 3H). 2.41-2.06 (m, 
4H). ES-MS: calcd. for C19H21N3O3 (339.39); found: 340.6 [M+H]. 
Pyrrolldine-2-S-carboxyilc acid (5-methyl-pyridin-2-yl) amide hydrobromic acid salt 
1H NiWR (DMSO-de): § 8.45-8.43 (d, 1H, J = 5.2 Hz), 8.03 (bs. 1H). 7i9-7.28 (d. J = 5.2 Hz, 
1H), 4.64 (bs, 1H). 3.47 (bs, 2H), 2.63 (bs. 3H). 2.56-2.07 (m, 4H). ES-MS: calcd. for 
C11H15N3O (205.12); found: 206.4 [M+H]. 

Example 7 : 1 -{2-R-[(formyl-hydroxy-amlno)-m6thyl]-hexanoyl}-pyrrolldine-2-8-carbo- 
xylic acid-(6-ethyl-pyridin-2-yl)<-amlde 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 

fonnyl-amino>-methyl]-hexanoic acid A-7 (R=n-butyl) and pynrolidine-2-carboxylic add (6- 

ethyl-pyridin-2-yl)-amide A-8 [X = CH2, n = 1. Ri = 2-(6-ethyl)pyridyl]. 

1H NMR (DMSO-de): 5. 8.06-7.83 (m. 2H), 7.17-7.14 (d, J = 7.69 Hz, 1H). 4.77 (bs, 1H), 

3.83-3.78 (m, 2H), 3.58-3,32 (m. 2H), 3.05 (bs, 1H), 2.87-2.83 (m. 2H). 2.3-2.07 (m. 3H). 

1.65-1.38 (m, 10H), 1.04 (bs, 3H). ES-MS: calcd. for C20H30N4O4 (390.48); found: 391.4 

[M+H]. 

A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 6-ethyl- 
pyridin-2-ylamine as described for the synthesis of pyrrolidine-2-carboxylic acid pyridine-2*yl- 
amide (hydrobromic acid salt) In Example 1. 

Pyrro|jdine-2-S-carboxyllc acid (6-ethyl-pyridin-2-ylamide (hydrobromic acid salt) 
1H NMR (DMSO-de): § 8.07-7.94 (m, 2H), 7.27-7.25 (d, J = 7.42 Hz, 1H). 4.61 (bs. 1H). 3.46 
(bs, 2H). 2.93-2.85 (m, 2H). 2.61-2.56 (m. 1H). 2.18-2.09 (m. 3H). 1.44-1.39 (m, 3H). ES- 
MS: calcd. for C12H17N3O (219.1); found: 220.2 [M+H]. 

Example 8; 1 -{2-R-[(f onrnyl-hydroxy*-amlno)-methyl]-hexanoyl}-pyrrolldine-2-S-carbo- 
xylic acid-(5-trifluoromethyl-pyrldln-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomiyl-amlno)-methyll-hexanoic acid A-7 (R=n-butyl) and pynrolidine-2-carboxylic add (5- 
trifluoromethyl-pyridin-2-yI)-amide A-8 p( = CH2, n = 1, Ri = 2-(5-trifluoromethyl)pyridyl]. 
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1H NMR (DMSO-de): § 8.45-8.35 (m, 2H), 7.98 (bs. 1H), 4.8-4.78 (d, J = 4.4 Hz. 1H), 3.84- 
3.73 (m, 2H), 3.54 (bs, 2H), 3.2 (bs, 1H), 2.34^2.1 (m, 4H), 165-146 (m, 6H), 105 (bs, 3H). 
ES-MS: calcd. for C19H25F3N4O4 (430.43); found: 4313 [M+H]. 

A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylio acid benzyl ester and 5- 
trifluoromethyl-pyridin-2-ylanriine as described for tiie synthesis of pyrrolidine-2-carboxylic 
acid pyridine-2-yl-amide (fiydrobromic acid salt) in Example 1 • 

Pyfrolidine-2-S-carboxylic acid (5-trifluoromethyl-pyridin-2-yiamide (hydrobromic acid 
salt) 

1H NMR (DMSO-de): § 8.98 (bs. 1H). 8.49-8.40 (m, 2H), 4.67 (bs. 1H). 3.49-3.47 (d. 2H). 
2.64-2.57 (m. 1H), 2.22-2.09 (m, 3H). ES-MS: calcd. for C11H12F3N3O (259.1); found: 260.2 
[M+HJ. 

Example 9: 1 -{2-RH[(fonnyl-hydroxy-amino)-metiiyl]-hexanoyl}-pyrrolldine-2-3^^ 
xylic acid-(6-fluoro-pyrldln-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 

fonnyl-amino)-methyl]-hexanoic acid A-7 (R-n-butyl) and pyrrolidme-2-carboxylte add (6- 

fluoro-pyridin-2-yI)-amide A-8 p< = CH2, n = 1 Ri = 2-(5-trifluoromethyl)pyridyl]. 

1H NMR (DMSO-de): 5 8.14 (bs, 1H). 8.04-7.97 (m, 1H). 7.04-7.02 (m. 1H), 4.70 (bs, 1H), 

3.85-3.78 (m, 2H). 3.72-3.47 (m, 2H), 3.24 (bs. 1H), 2.3-2.06 (m, 4H). 164-145 (m, 6H). 

104 (d. 3H). ES-MS: calcd. for C18H25FN4O4 (380.42); found: 3813 [M+H]. 

A-8 is prepared from 2-chlorocarbonyl-pynro|[dine-1-carboxyllc add benzyl ester and 6- 

fluoro-pyridin-2-ylamine as described for the synthesis of pyrroHdlne-2-carboxyllc add 

pyridine-2-yl-amide (hydrobromic add salt) in Example 1 

(6-fluoro-pyridin-2-yl)-(4-methoxy-benzyl)-amine 

To a solution of 2,6-di-fluoro-pyridine (2.2 g, 1 equiv.) in DMF (20 ml) Is added 4-methoxy- 
benzylamine (5.6 g, 2.2 equiv.) and potassium carbonate (12 g, 4.4 equiv.). After heating at 
50^*0 for 16 h, the solution is cooled to rt and filtered through Celite. The filtrate is 
concentrated under reduced pressure. The residue is purified by silica gel column 
chromatography using a gradient of hexaneiEtOAc (19:1->4:1) to give the title compound. 
1H NMR (CDCI3): 5 7.49-7.41 (dd, J = 7&8 Hz. 1H). 7.24-7.28 (m, 2H). 6.90-6.85 (m, 2H), 
6.19^.13 (m, 2H). 4.40 (d, J = 6 Hz, 2H), 3.80 (s, 3H). ES-MS: calcd. for C13H13FN2O 
(232.25); found: 233.4 [M+H]. 

2.S-(6-fluoro-pyrIdin-2-yl-carbamoyl)-pyrrolidIne-1-carboxylic acid benzyl ester 
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2-'ChIorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and (3-fluoro-phenyl)-(4-methoxy- 
benzyl)-amine is reacted to give amide intermediate as described for the synthesis of 2-S- 
(pyridin-2-yl-carbamoyl)-pyrrolidine-1-carboxylic acid ben2yl ester in Example 1. This inter- 
mediate is treated with 90% aq. TFA to give the title compound. 

1H NIVIR (CDCI3): 5 8.06 (d, J = 8.2 Hz, 1H), 7.82-7.74 (dd, J = 8 Hz, 1H), 7.38^7.26 (m, 5H), 
6.66 (d, J = 7.5 Hz, 1H), 5.30-5.18 (m, 3H). 3.60-3.59 (m, 2H), 2.05-1.92 (m, 4H). ES-MS: 
calcd. forCisHisFNaOa (343.35); found: 344.3 [M+H]. 

Pyrrolidine-2<^-carboxylic acid (6-fluoro-pyridin-2-yl) amide hydrobromic acid salt 
Title compound is prepared from above intemriediate as described for the synthesis of 
pyrrolidlne-2-carboxyllc acid pyrjdine-2-yl-amide (hydrobromic add salt) in Example 1, 
1H HMR (DMSO-de): § 7.4-7.3 (m, IN). 6.21-6.17 (m, 1H), 4,88-4.87 (d, 1H), 3.86 (bs, 1H), 
2.89-2.69 (m, 2H). 1.99-1.91 (m, 1H). 1.58-1.45 (m, 3H). ES-MS: calcd. for C10H12FN3O 
(209.1); found: 242.3 [M^K\. 

Example 10: 1 -{2-R-[(formyl-hydroxy-amlno)-methyl]»hexanoyl}-pyrrolidine-2-S-carbo- 
xylic acid-(4,6-di-methyM -oxy-pyridin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomnyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pyn-olidine-2-carboxylic acid (4,6- 
di-methyl-1-oxy-pyridin-2-yl)-amide A-8 p< = CH2, n = 1. Ri = 2-(4,B^di-methyl-1-oxy)-pyridyl]. 
1H NMR (DMSO-de): § 8.29 (bs. 1H). 7.99 (bs, 1H), 7.24 (bs. 1H). 4.86-4.83 (d, J = 7.692 
Hz, 1H), 3.82-3.70 (m, 2H), 3.53-3.5 (m, 2H), 3.24 (bs. 1H), 2.57 (bs. 3H). 2.47 (bs, 3H), 2.3- 
2.12 (m. 4H), 1.97-1.43 (m, 6H), 1.01 (bs, 3H). ES-I\/IS: calcd. for C20H30N4O5 (406.48); 
found: 407.3 [l^+H]. 

Pyrroiidine-2-S-carboxyllc acid (4,6-d{-methyl-1-oxy-pyridln-2-yl) amide hydrobromic 
acid salt 

2-chlorocarbonyl-pynrolidine-1-carboxylic acid benzyl ester and 4,6-di"methyl-pyridin-2- 
ylamine is reacted to give amide intemriediate as described for the synthesis of 2-S-(pyridin- 
2-yl-carbamoyl)-pyrrolidine-1-carboxylic acid benzyl ester in Example 1. This intemriediate on 
o xidation with I VICPBA fol lowed by treatment with HBr-AcOH provides the title compound. 
1H NMR (DMSO-de): § 8.2-8.19 (d. J = 1.92 Hz. 1H). 7.34-7.33 (d. J = 1.92 Hz, 1H). 4.98- 
4.96 (d, J = 9.87 Hz, 1H). 3.48-3.46 (d. J = 6.49 Hz. 2H). 2.60 (bs. 4H), 2.55 (bs, 3H), 2.2- 
2.09 (m. 3H). ES-MS: calcd. for C12H17N3O (235.13); found: 258.3 [M+Na]. 
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Example 11 : 1 -{2-R-[(f ormyl-hydroxy-amino)-methyI]-hexanoyl}-pyrrolidine-2-S-carbo- 
xylicf acid'^4-methyl-1-oxy^pyrldin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(ben2yioxy- 



methyl-1-oxy-pyridin-2-yl)-amide A-8 [X = CH2. n -AfR^ = 2-(4H7iethyl-1-oxy)-pyridylJ. 



1H NMR (DMSO-de): § 8.45-8.42 (d. J = 6.32 Hz, 1H)X3 (bs, 1H). 7.17-7.15 (373^7 Hz, 
IN), 4.91-4.89 (d, J = 7.42 Hz, 1H). 3.87^3.66 (m, 2H), 3.53 (bs, 2H). 3.22 (bs, 1H). 2.5 (bs. 
3H), 2.34-2.33 (d, J = 4.5 Hz, 2H). 2.13-2.12 (d, J = 3.3 Hz, 2H), 1.68-1.45 (m. 6H), 1.02 (bs, 
3H). ES-MS: calcd. for C19H28N4O5 (392.46); found: 393.3 [M+H]. . 
PyrrDlidine-2-S-carboxylIc add (4-methyM-oxy*pyridln-2-yl) amide hydrobromic acid 
salt 

2-chlorocarbonyi-pynrolidine-1-carboxylic add benzyl ester and 4-methyl-pyridin-2-ylamine is 
reacted to give amide Intermediate as described for the synthesis of 2-S-(pyridin-2-yl- 
carbamoyl>-pyrrolidine-1-carboxytic add benzyl ester In Example 1. This Intermediate on 
oxidation with MCPBA followed by treatment with HBr-AcOH provides the title compound. 
IN NMR (DMSO-de): 5 8.54-8.53 (d, J = 6.6 Hz, 1H). 8.32-8.315 (d, J = 2.2 Hz, 1H), 7.31- 
7,28 (m, 1H), 4.98-4.96 (d, J = 6.77 Hz, 1H), 3.48-3.46 (d. J = 4.39 Hz, 2H), 2.62-2.54 (m, 
4H). 2.2-2.07 (m, 3H). ES-MS: calcd. for C11H15N3O2 (221 .12); found: 222.3 [M+H]. 

Example 12: 1-{2-R-[(formyl-hydroxy-am]no)-methyl]-hexanoyl}-azetidine-2-S-carboxy- 
lie acid-pyridin-2-ylamide 

The tiUe compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomiyl-amino)-methyI]-hexanoic add A-7 (R=n-butyl) and azetidine-2-carboxyiic add 
(pyridln-2-yl)-amide A-8 [X = CH2, n = 1, Ri = 2-pyrldylJ. 

1H NMR (DMSO-de): § 10.74 (bs. 1H). 8,52 (bs. 1H). 8.29 (bs. 1H). 8.01 (bs. 1H). 7.32 (bs. 
1H), 5.11 (bs. 1H), 4.35 (bs. 1H), 3.75-3.55 (m, 4H). 2.71-2.44 (m, 2H). 1-46 (bs, 6H), 1.06 
(bs. 3H). ES-MS: calcd. for C17H24N4O4 (348.40); found: 349.3 [M+HJ. 
A-8 is prepared from azetidlne-1,2-dicarboxylic add 1-tert butyl ester and pyridin-2-ylamine 
as described below. 

2-S-(pyrldin-2-ylcarbamoyl)-azetidine-1-carboxylic acid tert butyl ester 

Boc-protected azetidine cari3oxylic acid is prepared by reacting tiie free amino add witii Boo- 
anhydride in the presence of NaHCOa, THRwater (1:1 v/v). The protected amino acid is 
coupled to 2-amlno pyridine using HATU/DIEA/DMF to yield the protected amide. 



fonmyl-amino)-methyO-hexanoic add A-7 (R=n-butyl) and^pyrrQiidin e-2-carbo xylic acid (4- 
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1H NMR (CDCI3): § 8.52-8.49 (m. 2H). 8.02-7 96 (m, 1H). 7.32-7.28 (dd, 1H), 5.02-4.97 (t. J 
= 8.42 & 8.24 Hz. 1H). 4.2-4.06 (m, 2H). 2.75-2.7 (t. J = 6.04 & 8.24 Hz. 2H). 1.73-1.63 (m. 
9H), ES-MS: calcd. for C14H19N3O3 (277.32); found: 278.5 [M+H]. 
Azeticline-2-S-carboxylic acid pyridln-2-yi-amide hydrochloric acid salt 
The protected amide is treated with 4.0M HCi-dioxane to give HCI salt of A-8. 
1H HMR (DIVISO-de); §8.56-8.54 {dd, 1H), 8.29-8.26 (d, J = 7.97 Hz, 1H), 8.10-8.05 (dd. 
1H). 7.41-7.37 (dd. 1H). 5.32 (s. 1H). 4.17-3.9 (m, 2H). 2.94-2.85 (m, 2H). ES-I\^S: calcd. for 
C9H11N3O (177.2); found: 178.4 [M+H]. 

Example 13; 1 -^2»R-[(formyl>hydroxy-amino)-methyl]-hexanoyl}-pyrrolldine-2-S-c^ 
xylic acid-(4,6-di-niethyl»pyridin-2*yl)-amlde 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
formyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pyrrolldine-2-carboxylic acid (4,6- 
di-methyl-pyridin-2-yl>-amide A-8 p< = CH2, n = 1, Ri = 2-(5-trifluoromethyl)pyridyll. 
1H NMR (DMSO-ds, rotamers): 5 10.5 (s, 1H). 10.3 (s, 0.4H). 9.87 (s. 0.6H), 8.44 (s, 0.5H), 
7.97 (s, 0.5H). 7.89 (s. 1H). 6.98 (s, 1H), 4.74-4J2 (m, 1H). 3.84-3.45 (m, 4H), 3.32 (bs, 1H), 
2.54 (s. 3H). 2.43 (s. 3H). 2.29-2.05 (m, 4H). 1.64-1.46 (m, 6H), 1.11-0.925 (m, 3H). ES-MS: 
calcd. for C20H30N4O4 (390.48); found: 391.4 [M+H]. 

Pyrrolidine-2«S-carboxylic add (4,6-dl-methyl-pyridin-2-yl) amide hydrobromic acid 
salt 

2-Chiorocarbonyl-pyrroiidine-1-carboxylic acid benzyl ester and 4,6-di-methyl-pyridin-2- 
ylamine are reacted to give amide intermediate as described for the synthesis of 2-S- 
(pyridin-2-yl-carbamoyt)-pyrrolidine-1-carboxylic acid benzyl ester in Example 1. This 
intermediate on with treatment with HBr-AcOH provides the title compound. 
IN NMR (DMSO-de): § 11.3 (s. 1H), 10.2 (bs, 1H). 7.87 (s. 1H). 7.17 (s, 1H), 4.61 (s. 1H). 
2.60 (s. 3H), 2.58 (bs, 1H). 2.50 (s. 3H), 2.17-2.06 (m, 3H). ES-MS: calcd. for 
Ci2Hi7N30*2HBr (219.28); found: 220.5 [M+H] free base. 

Example 14: Synthesis of 1-{2-R-[(fonmyl-hydroxy-amlno)-methyl]-hexanoyl}-pynno* 
iidine-2-S-carboxyiieacid-(4-ethyl-pyridin-2-yi)-amlde 

The title compound is prepared according to General Procedure A from 2-[(ben2yloxy- 
formyl-amino)-methyl]-hexanolc acid A-7 (R=n-butyl) and pyn^olidine-2-carboxylic acid (4- 
ethyl-pyridin-2-yl)-amide A-B [X = CH2, n = 1, Ri = 2-(4-ethyl)pyridyI]. 
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1H NMR (DMSO-de, rotamers): § 10.6 (bs. 1H), 10.23 (s, 0.4H), 9.87 (s. 0.6H), 8.38-8.36 (m. 
1H). 8.12 (bs, 1H). 7.99 (bs, 1H), 7.16-7.14 (m. 1H), 4.75 (bs, 1H), 3.75 (bs, 4H). 3.20 (bs. 
1H). 2.82-2.75 (q, J = 7.56Hz. 2H), 2.05 (bs, 4H), 1.65-1.45 (m, 6H), 1.38-1.33 (t, J = 
7.56Hz. 3H). 1.04 (bs, 3H). ES-MS: calcd. for C20H30N4O4 (390.48); found: 391.4 [M+H]. 
A-8 is prepared from 2-chlorocarbonyl-pyrrolidlne-1-carboxylic acid benzyl ester and 4-ethyl- 
pyridin-2-ylamine as described for the synthesis of pyrrolidine-2-carboxyliG acid pyridine-2-yl- 
amide (hydrobromic acid salt) in Example 1. 

2-S-(4-ethyl-pyrid]n-2-ylcarbamoyl)-pyrrolidlne-1-carboxyl!c acid benzyl ester 
1H NMR (DMSO-de): $ 10.8-10.7 (d, J = 15.1 Hz. 1H), 8.39-8.36 (M, 1H), 8.16 (S, 1H), 7.57- 
7.25 (m. 5H), 7.18-7.17 (m. 1H). 5.27-5.25 (m, 2H), 4.74^.68 (m, 1H), 3.68-3.61 (m, 2H). 
2.83-2.77 (q, J = 6.50 Hz, 2H), 2.43-Z29 (m. 1H). 2.13-1.98 (m, 3H), 1.40-1.35 (t, J = 7.55 
Hz. 3H). ES-MS: calcd. for Q20H23N3O3 (353.42); found: 354.2 [M+H]. 
PyrrolldIne-2-S-carboxyllc acid (4-ethy>-pyridin-2-yl)-amide hydrobromic acid salt 
1H NMR (DMSO-de): § 11.43 (s, 1H). 8.47-8.45 (m, 1H). 8.24 (bs. 1H), 8.08 (s 1H), 7.33- 
7.30 (m, 1H), 4.64 (s, 1H), 3.49-3.47 (m, 2H), 2.89-2.82 (q. J s 7.51 Hz, 2H), 2.65-2.55 (m, 
1H), 2.33-2.07 (m. 3H), 1.40-1.35 (t, J = 7.56 Hz, 3H). ES-MS: calcd. for Ci2Hi7N30*2HBr 
(219.28); found: 220.3 [M+H] free base. 

Example 15 : 1 -{2-RH[(formyl->iydroxy-amino)-metliyl]>hexanoyl}-pyrroildine-2-S-carbo- 
xylic acid (3-hydroxy-pyridin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomiyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pynrolidlne-2-carboxylic add (3- 
benzyloxy-pyridin-2-yl)-amide A-8 p< = CH2, n = 1, Ri = 2-(3-benzyloxy)pyridyl]. 
1H NMR (DMSO-de, rotamers): § 10.94 (bs, 1H), 10.34 (bs, 1H), 9.88 (bs, 1H), 8.10-8.09 (m. 
1H), 7.99 (s, 1H). 7.49-7.47 (m, 1H), 7.37-7.33 (m, 1H), 4.85 (bs. 1H), 3.87-3.74 (m, 4H), 
3.21 (s, 1H), 2.29 (bs, 1H), 2.19-211 (m, 3H). 1.65-1.44 (m, 6H). 1.03 (bs. 3H). ES-MS: 
calcd. for C18H26N4OS (378.42); found; 379.2 [M+HJ. 

A-8 is prepared from 2-chlorocarbonyl-pyn-oiidine-l-carboxylic acid benzyl ester and 3- 
benzyloxy-pyridin-2-ylamine as described for the synthesis of pyrrolldine-2-carboxylic add 
pyridine-2-yl-amide (hydrobromic acid salt) in Example 1. 

2-S-(3-benzyloxy-pyrldin-2>ylcarbamoyl)-pyrrolldine-1-carboxylic acid benzyl ester 

1H NMR (DMSO-da): §10.1-10.0 (d. J = 18.1 Hz, 1H), 8.21-8.16 (m, 1H), 7.73-7.40 (m, 
12H). 5.32-5.26 (m, 4H). 4.66-.4.64 (m, 1H), 3.67-3.54 (m, 2H), 2.38-2.23 (m. 1H), 2.06-1.93 
(m. 3H). ES-MS: calcd. for C25H26N3O4 (431.48); found: 432.3 [M+H]. 
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Pyrrolidine-2-S-carboxylic acid (3-benzyloxy-pyridin-2-yl}-amide hydrobromic acid salt 
1H NMR (DMSO-de): §10.9 (bs, 1H), 8.88 (s, 1H), 8.24-8.21 (m, 1H), 7.91-7.88 (m, 1H), 
7.68-7.51 (m, 6H), 5.42 (s, 2H), 4.71 (bs, 1H), 3.51-3.40 (m, 2H), 2.65-2.47 (m. 1H), 2.19- 
1.93 (m. 3H). ES-MS: calcd. for Ci7H,9N302*2HBr (297.35); found: 298.3 [M+H] free base. 
1-{2-R-[(benzyloxy-formyl-ainino)-methyl]-hexanoyl}-pyrrolidine-2-S-carboxync acid 
(3-benzyloxy-pyridin-2-yl)-anilde 

1H NMR (DMSO-de): § 9.95 (bs, 1H), 8.42 (bs, 1H), 8.16-8.14 (m, 2H), 7.76-7.39 (m, 10H), 
5.33 (bs, 2H). 5.06 (bs, 2H), 3.88-3.85 (m, 2H). 3.65-3.63 (m, 2H). 3.15-3.09 (m, 1H). 2.01- 
1.89 (m, 4H), 1.49-1.39 (m. 6H). 1.03-0.976 (m. 3H). ES-MS: calcd. for C32H38N4O5 (558.67); 
found: 559.3 [M+H]. 

Example 16: 1 -{2-R-[(formyl-hydroxy<imino)-inethyl]-hexanoyl}-pyrrolidlne-2-S-carbo- 
xylic acid isoquinolin-1-ylamide 

The title compound is prepared according to General Procedure A from 2-[(ben2yloxy- 
fonTiyl-amlno)-nriethylHiexanoic add A-7 (R=n-butyl) and pynolidine-2-carboxylic add 
(lsoquinolin-1-ylamide A-8 p(a CH2, n » 1. Ri = 1-isoquinolinyQ. 

1H NMR (DMSO-de. rotamers): $ 10.78 (bs. 1H), 10.26 (s. 0.4H), 9.90 (s, 0.6H). 8.51-9.49 
(m. 1H), 8.29-8.26 (m. 1H). 8.17-8.14 (m, 1H), 8.03 (s. 1H), 7.98-7.91 (m. 2H). 7.79-7.74 (m. 
1H). 4.82 (bs. 1H), 3.20 (bs. 1H). 2.28-2.12 (m. 4H), 1.53-1.40 (m. 6H). 0.944 (bs. 3H). ES- 
MS: calcd. for C22H28N4O4 (412.48); found: 413.4 [M+HJ. 

A-8 is prepared from 2-clilorocarbonyl-pynrolidine-1-carboxyllc acid benzyl ester and 1- 
amino-isoquinoline as described for the synthesis of pyrroiidine-2-carboxylic add pyridine-2- 
yl-amide (hydrobromic acid salt) In Example 1. 

Pyrrolidine-2-S-carboxylic acid isoquinolin-1-yl) amide hydrobromic acid salt 
1H NMR (DMSO-de): §8.97 (bs, 1H), 8.72-8.68 (d, J = 8.241 Hz, 1H), 8.48-8.46 (d. J = 
6.044 Hz. 1H), 8.32-8.2 (t, J = 8.24 and 8.93 Hz, 1H), 8.18-8.15 (d. J = 7.98 Hz, 1H). 
8.07-8.0 (m. 1H), 4.92 (bs, 1H), 3.52 (bs, 2H). 2.4-2.31 (m. 1H), 2.23-2.1 (m, 3H). ES-MS: 
calcd. for C14H15N3O (241.12); found: 242.3 [M+H], 

1-{2-R-[(benzyloxy-formyl-amino)-methyl]-hexanoyl}-pyrrolidine-2-S-carboxylicacld 
isoquinolin-1 -ylamide 

1H NMR (DMSO-de): § 10.8 (S, 1H), 8.50 (S, 1H), 8.49 (S. 1H), 8.28-8.25 (m. 1H), 8.16-8.14 
(m. 1H), 7.97-7.91 (m, 2H), 7.79-7.74 (m, 1H), 7.63-7.59 (m. 5H), 5.08 (bs, 2H), 4,81 (bs. 
1H). 3.90 (bs. 2H), 3.78 (bs, 2H), 3.14 (s, 1H). 2.35-2.26 (m. 2H), 2.19-2.10 (m, 2H). 1.61- 



.28- 



wo 02/102790 PCT/EP02/06604 



1.36 (m, 6H). 0.946-0.901 (t, J = 6.87 Hz. 3H). ES-MS: calcd. for C29H34N4O4 (502.60); 
found: 503.4 [M+HJ. 

Example 17; 1 -{2-R-[(fonnyl-hydroxy>aniino)-methyq-hexanoyl}>pyiTolidine-2«S-carbo- 
xylic acid quinolin-S-yiamlde 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
formyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pynrolidine-2-carboxyiic acid 
quinolin-3-yl-amide A-8 [X = CH2, n = 1, Ri = 3-quinolinyl]. 

1H NMR (DlVISO-de, rotamers): § 10.82 (bs. 1H), 10,25 (s, 0.3H), 9.98 (s, 0.7H), 9.34 (s, 1H). 
8.61(s, 1H), 8.26-8.23 (m, 1H), 8.09-8.06 (m, 1H). 7.99 (s, 1H), 7.92-7.87 (m. 1H), 7.74-7.79 
(m, 1H). 4.84 (bs. 1H). 3.83-3.72 (m. 4H), 3.24 (s, 1H). 2.25-2.10 (m. 4H). 1.67-1.48 (m, 6H), 
1.06 (bs, 3H). ES-MS: calcd. for C22H28N4O4 (412.48); found: 413.3 [M+H\. 
A-8 is prepared from 2-chlorocarbonyl-pyrrolldine-1-carboxylic acid benzyl ester and 3- 
amino-quinoline as described for the synthesis of pynrolidine-2-carboxylic add pyridine-2-y!- 
amide (hydrobromic add salt) in Example 1. 

2-S-(quinolin-3-ylcarbamoyl)-pyrrolidine-1-carboxyUc acid benzyl ester 
1H NMR (DMSO-de): § 11.0-10.9 (d, J = 15.9 Hz, 1H), 9.34-9.33 (m, 1H), 8.66-8.65 (m, 1H), 
8.27-8.24 (m. 1H), 8.10-8.05 (m. 1H), 7.94-7.88 (m. 1H). 7.77-7.70 (m, 1H). 7.58-7.49 (m. 
2H). 7.41-7.39 (m, 1H). 7.29-7.17 (m. 2H), 5.28-5.27 (m, 2H), 4.82-4.74 (m, 1H), 3.76-3.64 
(m. 2H), 2.55-2.33 (m. 1H), 2.15-2.01 (m. 3H). ES-MS: calcd. for C22H21N3O3 (375.42); 
found: 376.3 [iVI+H]. 

Pyn'olidine-2-S-carboxylic acid quinolin-S-yl) amide hydrobromic acid salt 
1H NMR (DMSO-da): § 11.4 (s, 1H), 9.40 (s, 1H), 8.93-8.92 (bs, 1H), 8.63 (s. 1H). 8.30-8.28 
(s. 1H), 8.15-8.12 (s. 1H), 8.01-7.92 (m, 1H), 7.80-7.75 (m. IN). 4.68-4.66 (m, 1H). 3.53-3.48 
(m, 2H), 2.66-2.59 (m. 1H), 2.26-2.09 (m, 3H). ES-MS: calcd. for Ci4H,6N30»2HBr (241.29); 
found: 242.2 [M+H] free base. 

1-{2-R-[(benzyloxy-formyi-amino)-methyl]4ie!xanoyl}-pyrrolidine-2-S-carboxylicacld 
qulnolln-3-ylamlde 

1H NMR (DMSOde): § 10.82 (bs, 1H), 9.33 (bs, 1H), 8.60 (bs, 1H), 8.42 (bs, 1H), 8.25-8.22 
(m, 1H), 8.08-8.05 (m, 1H). 7.91-7.86 (m, 1H), 7.73-7.69 (m. 1H), 7.63 (bs. 5H), 5.07 (bs. 
2H), 4.84 (bs. 1H). 3.92-3.82 (m. 2H), 3.76-3.67 (m, 2H), 3.14(bs. 1H). 2.33-2.17 (m, 2H), 
2.12-2.06 (m, 2H). 1.67-1.45 (m, 6H). 1.04 (m, 3H). ES-MS: calcd. for C29H34N4O4 (502.60); 
found: 503.4 [M+H). 
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Example 18: 1-{2-R-I{formyl-hydroxy-amino)-methyl]-hexanoyl}-azetidine-2-S-carboxy- 
lic acid-4-methyl-pyrIdin-2-ylamide 

The title compound is prepared according to General Procedure A from 2-[(benzyioxy- 
fonnyI-amino)-methyO-hexanoic acid A-7 (R=n-butyl) and azetidine-2-carboxylic acid (4- 
methyl-pyridin-2-yl)-amide A-8 [X = CH2, n = 1, Ri = 2-(4-Me-pyridyl)]. 
1H NMR (DMSO-de): §8.36-8.35 (d. J = 4.12 Hz, 1H), 8.14-8.03 (d. J = 23 Hz, 1H). 7.16- 
7.15 (d, J = 3.85 Hz. 1H). 5.06 (bs. 1H), 4.39-4.30 (m. 2H), 3.75-3.72 (d, J = 7.42 Hz, 1H). 
3.53 (bs. 2H), 2.51 (bs. 3H), 2.41 (bs, 2H). 1.44 (bs. 6H), 1.03 (bs. 3H). ES-MS: calcd. for 
C18H26N4O4 (362.43); found: 363.3 [M+H]. 

A-8 is prepared from azetidine-1,2-dicarboxylic acid 1-tert butyl ester and 4-methyl-pyridin-2- 
ylamine as described below. 

Azetldlne2-S-(4-methyl-pyrldln-2-ylcarbamoyl)amfde 

The N-Boc protected amino acid is coupled to 2-amino pyridine using HATU/DIEA/DMF to 
yield the protected amide. The protected amide is treated with 4.0M HCI-dioxane to give HCI 
salt of A-8. 

1H NMR (DMSO-de): 5 8.41 (bs. 1H). 8.17-8.14 (d, J = 8.24 Hz. 1H). 7.99-7.96 (d. J = 8.24 
Hz, 1H). 5.33 (bs, 1H). 4.2-4.12 (m. 1H), 3.99-3.95 (m. 1H). 2.93-2.84 (m, 2H), 2.47 (s, 3H). 
ES-MS: calcd. for C10H13N3O (191.11); found: 192.3 [M+H]. 

Example 19: H2*R-[(fonTiyl-hydroxy^mino)-methyl]-hexanoyl}-azetidlne-2-S-carbo- 
xylic acid"5-methyl-pyridin-2-ylamide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 

fomiyl-amino)-methyG-hexanoic acid A-7 (R=n-butyl) and azetidine-2-carboxylic acid (5- 

methyl-pyridin-2-yl)-amide A-8 [X = CH2, n = 1, Ri = 2-(5-Me-pyridyl)]. 

1H NMR (DMSO-de): § 8.07 (bs, 1H), 7.94-7.91 (d, J = 8.24 Hz, 1H), 7.56-7.53 (d. J = 8.52 

Hz, 1H), 4.79 (bs, 1H), 4.13-4.04 (m, 2H), 3.48 (bs, 1H), 3.37 (bs, 2H), 2.28 (bs, 1H), 2.17 

(bs. 4H), 1.18 (bs. 6H). 0.77 (bs, 3H). ES-MS: calcd. for C18H26N4O4 (362.43); found: 363.3 

IM+H]. 

A-8 is prepared from azetidine-1,2-dicarboxylic acid 1-tert butyl ester and 5-methyl-pyridin-2- 
ylamine as described below. 

Azetidine2-S-(5-methyI-pyridin-2*ylcarbamoyl)amide 

The N-Boc protected amino acid Is coupled to 2-amino pyridine using HATU/DIEA/DMF to 
yield the protected amide. The protected amide is treated with 4.0M HCI-dioxane to give HCI 
salt of A-8. 



-30- 



wo 02/102790 PCT/EP02/06604 

1H NMR (DMSO-de): $ 8.41 (bs. 1H), 8.17-8.14 (d, J = 8.24 Hz, 1H), 7.99-7.96 (d, J = 8.24 
Hz, 1H), 5.33 (bs, 1H), 4.2-4.12 (m, 1H), 3.99-3.95 (m, IN), 2.93- 2.84 (m, 2H), 2.47 (s. 3H). 
ES-MS: calcd. for C10H13N3O (191.11); found; 192.3 [M+H]. 

Example 20: 1 -{2-R-[(f ormyl-hyciroxy-ainino)-methyl]-hexanoyl}-azetidine-2-S-carbo- 
xylic acid-5-fluoro-pyridin-2-ylamlde 

The fiOe compound is prepared according to General Procedure A from 2-l(benzyloxy- 
formyl-amino)-metfiyi]-hexanoic acid A-7 (R=n-butyl) and azetldine-2-carboxyllc add (5- 
fiuoro-pyridin-2-yl)-amlde A-8 P( = CH2, n = 1, Ri = 2-(5-F-pyridyl)l. 

1H UMR (DMSO-de): §8.52 (bs. 1H), 8.36-8.33 (t. J = 3.3 & 5.2 Hz, 1H). 8.01-7.93 (dd. J « 
4,95 & 8.52 Hz, 1H), 5.08 (bs. 1H), 4.33 (bs, 2H), 3.74 (bs, 1H), 3.53 (bs, 2H), 2.41 (bs, 2H). 
1.42 (bs. 6H), 1.03 (bs, 3H). ES-MS: calcd. for C17H23FN4O4 (366.69); found: 367.2 [M+HJ. 
A-8 is prepared from azetidlne-1,2-dlcarb(»cyl!c add 1-tert butyl ester and 5-niethyl-pyridin-2- 
ylamine as described below. 

Azetidine2-S-(5-fluoro-pyridin-2-ylcarbamoyl)amide 

Hie N-Boc protected amino acid is coupled to 2-amino pyridine using HATU/DIEA/DMF to 
yield the protected amide. The protected amide is treated with 4.0M HCI-dioxane to give HC) 
salt of the free amine. 

1H NMR (DMSO-de): § 8.58-8.57 (d. J = 3.02 Hz, 1H). 8.32 (bs, 1H). 8.06-7.9 (m, 1H), 5.32 
(bs, 1H), 4.17-3.98 (m, 2H), 2.93-2.74 (m. 2H). ES-MS: calcd. for C9H10FN3O (195.08); 
found: 196.2 [M+HJ. 

Example 21; 1-{2-R>[(fbrmyMiydroxy-amino)-methyl]-hexanoyl}-pyrrolIdlne-2-S-carbo- 
xyIfcacid-{5-trifluoromethyM-oxy-pyridln-2-yl)-amfde 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fonnyl-amlno)-methyl]-hexanoic add A-7 (R=n-butyl) and pynrolidlne-2-carboxylic add (5- 
tiifluoromethyl-1-oxy-pyridin-2-yl)-amide Ar8 pc = CH2, n = 1. Ri * 2-(5-trifluoromethyl-1- 
oxy)-pyridyl]. 

1H NMR (DMSO-de): §9.15 (bs, 1H). 8.64-8.62 (d, J = 8.79 Hz, 1H), 7.98-7.96 (d, J = 9.34 
Hz, 1H), 5.04-5.0 (m, 1H), 3.87-3.73 (m, 2H), 3.65 (bs, 2H), 3.49-3.48 (m, 1H). 2.34 (bs, 2H), 
2.13-Z12 (d, J = 2.47 Hz, 2H), 1.67-1.45 (m. 6H). 1.03 (bs, 3H). ES-MS: calcd. for 
C,9H25F3N4P5 (446.43); found: 447.3 [M+H]. 
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A-8 is prepared from 2-ch!orocarbonyI-pyrrolidine-1-carboxylic acid benzyl ester and 3- 
amfno-quinoline as described for the synthesis of pyrrolidine-2-carboxylic acid pyridine-2-yl- 
amide (hydrobromic acid salt) in Example 1. 

a-^^S-trif luoromethyl-1 -oxy-pyridin-2-ylcarbamoyl)-pyrrolidine-1 -carboxylic acid 
benzyl ester 

2-chlorocarbonyl-pynrolidine-1 -carboxylic acid benzyl ester and 5-trifluoromethyl-pyridin-2- 
ylamine is reacted to give amide Intennediate as described for the synthesis of 2-S-(pyridin-> 
2-yl-carbamoyl)-pyrrolidlne-1-carboxylic acid benzyl ester in Example 1. This intemiediate on 
oxidation with MCPBA provides the title compound. 

1H NMR (DMSO-de): §9.15 (bs. 1H), 8.67-8.58 (dd, J = 8.79 & 9.07 Hz, 1H), 7.98 (bs, 1H), 
7,57 (bs, 2H), 7.37-7.34 (d, J = 8.065 Hz. 2H), 5.29-5.26 (d, J = 9,9 Hz, 2H). 5.1-5.0 (m, 1H), 
3.68-3.53 (m, 2H). 2.63-2.57 (m, 2H), 2.2-2.05 (m, 2H). ES-MS: calcd. for C,9Hi8F3N304 
(409.12); found: 410.2 \M+H]. 

Pyrrolidlhe'»2-S-carbo)^lic acid (5*trifluoromethyM -oxy-pyrldin-2-yl) amide 
hydrobromic acid sait 

The treatment of the above N-protected intermediate with HBr-AcOH provides the title 
compound. 

1H NMR (DMSO-de): §9.21 (bs, 1H), 8.66-8.63 (d, J = 8.79 Hz. 1H), 8.06-8.02 (dd, J = 1.37 
Hz, 1H), 5.05-5.0 (t, J = 6.58 & 7.14 Hz, 1H), 3,58-3.47 (m, 2H). 2.63-2.57 (m, 2H), 2.23-2.1 
(m, 2H). ES-MS: calcd. for C11H12F3N3O2 (275.09); found: 276.1 [M+H], 

Example 22: 1 -{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidine-2-S-carbo- 
xylic acid-(4-ethyl-1 -oxy-pyridIn-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fonnyl-amino>-methyl]-hexanoic acid A-7 (R=n-butyl) and pyrrolidine-2-carboxyIic acid (4- 
ethyI-l-oxy-pyrid}n-2-yl)-amide A-8 [X = CH2, n = 1 , Rt = 2-(4-ethyH-oxy)-pyridyl]. 
1H NMR (DMSO-de): 5 8.47-8.45 (d, J = 6.593 Hz. 1H), 8.35-8.34 (d, J = 2.2 Hz, 1H), 7.22- 
7.20 (m, 1H). 4.92-4.89 (t, J = 4.7 & 3.02 Hz. 1H), 3.85-3.80 (t. J = 6.49 & 8.24 Hz. 2H). 3.53 
(bs. 2H). 3.22 (bs, 1H). 2.85-2.71 (m, 2H). 2.35-2.13 (m. 4H), 1.68-1.36 (m, 6H), 1.02 (bs. 
3H). ES-MS: calcd. for C20H30N4O5 (406.48); found: 407.3 [M+H]. 
2-S-(4-ethyl-*1'-oxy-pyridin*2-ylcarbamoyl)-pyrrolldine-1-carboxylic acid benzyl ester 
2-chlorocarbonyl-pynrolidlne-1 -carboxylic acid benzyl ester and 4-ethyl-pyridin-2-yIamlne is 
reacted to give amide intemiediate as described for the synthesis of 2-S-(pyridln-2-yl- 
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carbamoyl)-pyrroiidine-1-carboxylic acid benzyl ester in Example 1. This intenmediate on 
oxidation with MCPBA provides the title compound. 

1H NMR (CDCI3): § 8.8-8.12 (m, 1H), 7.4-7.2 (m, 1H), 6.85-6.83 (d, J = 6;59 Hz, 1H). 5.3-5.1 
(m, 2H). 4.57 (bs, 1H), 3.71-3.54 (m, 2H), 2.7-2.63 (dd, J = 7.42 Hz. 2H). 2.24-1.73 (m, 4H). 
1.3-1.2 (m. 3H). ES-MS: calcd. for C20H23N3O4 (369.17); found: 370.2 [M+H]. 
Pyrrolidine>2-S*carboxylic acid (4-ethyl-1-oxy-i>yrldin-2-yl) amide hydrobromic acid 
salt 

The treatment of tfie above N-protected intennediate with HBr-AcOH provides the title 
compound. 

1H mR (DMSO-de): $ 8.56 -8.53 (d, J = 6.6 Hz, 1H), 8.36-8.35 (d. J = 2.3 Hz, 1H), 7.33-7.3 
(dd, J = 2.37 & 2.47 Hz, 1H), 5.0-4.96 (t, J = 8.24 & 5.49 Hz, 1H), 3.39-3.42 (m. 2H), 2.88- 
2.81 (dd, J a 7.7 Hz, 2H), Z64-2.55 (m, 1H). 2.2-2.05 (m. 3H), 1.29-1.25 (t, J * 7.14 & 6.87 
Hz, 3H). ES-IVIS: caicd. for C12H17N3O2 (235.13); found: 236.2 [i^H]. 

Example 23 ; 1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidlne-2-S-carbo- 
xyiicacid-(4-phenyl-pyridin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomiyl-amino)-methyll-hexanoic acid A-7 (R=n-butyl) and pyrrolidine-2-carboxylic acid (4- 
phenyl-pyridin-2-yl)-amide A-8 [X = CH2, n = 1, Ri = 2-(4-phenyl)pyridyl]. 
IN NMR (DMSO-de): §8.6-8.45 (m, 1H). 8.3-7.6 (m, 5H). 4.8 (bs. 1H), 3.85-3.71 (m, 2H), 
3.31 (bs, 1H), 2.32-1.98 (m, 4H). 1.76-1.43 (m, 6H). 1.04 (bs, 3H). ES-MS: calcd. for 
Ca4H3oN404 (438.53); found: 439.4 [M+H]. 

A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 4- 
phenyl-pyridin-2-ylamine as described for the synthesis of pynrolidine-2-carboxylic add 
pyridine-2-yl-amide (hydrobromic add salt) in Example 1. 

2-S-(4-phenyl-pyridin-2-yl-carbamoyl)-|^olIdine-1-carboxyllc acid benzyl ester 
1H NMR (CDCI3): § 8.8-8.12 (m, 1H), 7.4-7.2 (m, 1H), 6.85-6.83 (d, J - 6.59 Hz, 1H), 5.3-5.1 
(m, 2H), 4.57 (bs. 1H), 3.71-3.54 (m, 2H), 2.7-2.63 (dd, J = 7.42 Hz, 2H), 2.24-1.73 (m, 4H), 
1,3-1.2 (m, 3H). ES-MS: calcd. for C20H23N3O4 (369.17); found: 370.2 [M+H]. 
Pyrrolidine-2-S-carboxylic acid (4-phenyl-pyridin-2-yl) amide hydrobromic acid salt 
1H NMR (DMSO-de): § 8.64-8.63 (d, J = 5.22 Hz. 1H), 8.53 (s. 1H). 7.94-7.91 (dd, J = 1.65 & 
1.1 Hz, 1H). 7.78-7.67 (m, 5H), 4.68 (bs, 1H), 3.5-3.46 (m. 2H). 2.65-2.58 (m. 1H). 2.24-2.09 
(m, 3H). ES-MS: calcd. forCieHuNaO (267.14); found: 268.3 [M+H]. 
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Example 24: 1-{2-R-[(fomiyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidine-2-S-carbo- 
xylic acld-(4-phenyl-1 -oxy-pyridin-2-yl)-amide 

The title compound Is prepared according to General Procedure A from 2-[(ben2yloxy- 
fomiyl-amlno)-methyIJ-hexanolc acid A-7 (R=n-butyl) and pyrrolldlne-2-carboxyllc add (4- 
phenyl-1-oxy-pyridin-2-yl)-amlde A-8 pC = CH2, n = 1, Ri = 2-(4-phenyl-1-oxy)-pyridyl]. 
1H NMR (DMSO-de): § 8.78-8.79 (d, J = 2.47 Hz, 1H). 8.64-8.62 (d. J = 6.87 Hz, 1H), 7.9-7.6 
(m, 5H). 4.99-4.96 (t, J = 4.67 & 3.3 Hz. 1H). 3.88-3.76 (m, 1H), 3.53 (bs, 2H). 3.24 (bs, 1H), 
2.35-2.15 (m. 4H). 1.68-1.45 (m, 6H), 1.05-1.03 (d, J = 6.59 Hz. 3H). ES-MS: calcd. for 
C24H30N4O5 (454.53); found: 455.3 [M+H]. 

2-S-(4-phenyi-1-oxy-pyridin-2-ylcarbamoyl)-pyrrol]dine-1-carboxylic acid benzyl ester 
2-chlorocarbonyl-pyFroiidine-1-carbo}^lc acid benzyl ester and 4-pheny^pyridin-2-yiamine is 
reacted to give amide intermediate as described for the synthesis of 2-S-(pyrldin-2-yi- 
carbamoyi)-pyrrolidine-1-carboxylic add benzyl ester in Example 1. This intenfnediate on 
o}ddation with MCPBA provides the title compound. 

1H NMR (CDCI3): $ 8.3-8.2 (m, 1H), 7.96-7.13 (m, 12H), 5.73-5.12 (m, 2H). 4.7-4.4 (m, 1H). 
3.8-3.5 (m. 2H). 2.5-2.01 (m. 4H). ES-MS: calcd. for C24H23N3O4 (417.17); found: 418.1 
IM+Hl. 

Pynrolidlne-2-S-carboxylic acid (4-phenyl-1-oxy-pyridin-2-^ amide hydrobromic add 
salt 

The treatment of the above N-protected intemiediate with HBr-AcOH provides the title 
compound. 

1H NMR (DMSO-da): § 8.79-8.78 (d. J = 2.47 Hz. 1H). 8.7-S.67 (d. J = 6.87 Hz, 1H). 7.94- 
7.89 (m. 1H). 7.79-7.64 (m. 5H), 5.03-4.97 (dd. J = 6.59 Hz. 1H). 3.53-3.44 (m. 2H), 2.64- 
2.55 (m, 1H). 2.28-2.09 (m, 3H). ES-MS: calcd. for C16H17N3O2 (283.13); found: 284.2 [M+H]. 

Example 25: 1-{2-R-I(formyl-hydroxy-amino)-methyi]-hexanoyl}-pyrrolidine-2-S-carbo- 
xylic acid-(4-trlfluoromethyl-pyridin-2-yl)-amlde 

The title compound Is prepared according to General Procedure A from 2-[(benzyloxy- 
fo^Tlyl-am^no)-methyl^hexanoic acid A-7 (R=n-butyl) and pynrolldine-2-carboxyiic add (4- 
trifluoromethyl-pyridin-2-yl)-amide A-8 pc = CH2, n = 1. R, = 2-(4-trlfluoromethyl)pyrldyl]. 
1H NMR (DMSO-da): §8.8-8.78 (d, J = 5.22 Hz, 1H), 7.97 (bs. 1H), 7.66-7.65 (d, J = 4.67 
Hz. 1H), 4.8-4.77 (t J » 4.12 & 4.4 Hz. 1H), 3.86-3.7 (m. 2H). 3.52 (bs, 2H). 3.2 (bs. 1H), 
2.33-Z1 (m, 4H). 1.64-1.45 (m. 6H). 1.06-1.04 (d. J = 6.32 Hz, 3H). ES-MS: calcd. for 
C19H2SF3N4O4 (430.43); found: 431.3 [M+H]. 
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A-8 is prepared from 2-chIorocarbonyl-pyrroli'dine-1-carboxylic acid benzyl ester and 4- 
trifluorometliyl-pyridin-2-ylamine as described for the synthesis of pyn"oiidine-2-carboxyiic 
acid pyridine-2-yt-amide (hydrobromic acid salt) in Example 1. 

Pyrrolidine-2-S-carboxyilc acid (4-trifluoromethyl-pyridin-2-yl) amide hydrobromic 
acid salt 

1H NMR (DMSO-de): §8.93-8.85 (m, 2H), 7.77-7,75 (m, IH). 4.67-4.65 (d. J = 6.593 Hz, 
1H), 3.49-3.44 (m, 2H), 2.65-2.56 (m. 1H), 2.24-2.09 (m. 3H). ES-MS: calcd. for 
C11H12F3N3O (259.1); found: 260.2 [M+H]. 

Example 26: 1-{2-R-[(formyl-hydroxy-am!no)-methyll-hexanoyl}-pyrrolidlne-2-S-carbo- 
xylic acld-(4-trifluoromethyM -oxy-pyrldin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzy!oxy- 
fonnyi-amino)-methyi]-hexanoic acid A-7 (R=n-butyi) and pynrolldine-2-carboxyiic acid (4- 
trifluoromethyI-1-oxy-pyridin-2-yl)-amide A-8 [X = CH2, n = 1, Ri = 2-(4-trifluoromethyH- 
oxy)-pyridyl]. 

1H NIVIR (DIVlSO-de): §8.79-8.76 (m, 1H), 7.98 (bs, 1H). 7.73-7.65 (m. 1H), 5.04-5.0 (m, 1H). 
3.84-3.72 (m. 2H), 3.52 (bs, 2H), 3.3 (bs. 1H), 2.32-2.13 (m, 2H), 1.77-1.44 (m, 6H), 1.04- 
1.02 (d, J = 6.04 Hz, 3H). ES-IVIS: calcd. for C19H25F3N4O6 (446.43); found: 447.3 [I\1+HJ. 
PyrroIidlne-2-S-carboxylic acid (4-trifluoromethyl-1 -oxy-pyridin-2-yl) amide 
hydrobromic acid salt 

2-chlorocarbonyi-pyrrolidine-1-carboxylic acid benzyl ester and 4-trifluoromethyl-pyridin-2- 
ylamine is reacted to give amide intermediate as described for the synthesis of 2-S-(pyridin- 
2-yl-carbamoyl)-pyn'olidine-1-carboxylic acid benzyl ester in Example 1. This intemnediate on 
oxidation with MCPBA followed by the removal of N-benzyloxycarbonyl group with HBr- 
AcOH provides the title compound. 

1H mR (DMSO-de): § 8.94-8.74 (m, 2H), 7.83-7.8 (m, 1H). 5.02-4.97 (t. J = 6.22 & 8.52 Hz, 
1H), 3.5-3.42 (m, 2H), 2.61-2.52 (m. 1H). 2.27-2.06 (m, 3H). ES-MS: calcd. for C11H12F3N3O2 
(275.09); found: 276.1 [M+H]. 

Example 27: 1 -{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidine-2-S-carbo- 
xylic acld-(8-hydroxy-quinolin»2-yl)-amlde 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
formy/-amino)-methyl]-hexanolc acid A-7 (R=n-butyl) and pyrro/fdine-2-carboxylic add (8- 
benzyloxy-quinoIin-2-yl)-amide A-8 [X = CH2. n = 1, Ri= 2-(8-benzyloxy)quinolinyO. 
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1H NMR (DMSO-de): 5 8.5-8.35 (m, 2H), 7.98 (bs, 1H), 7.55-7.46 (m, 1H), 7.28-7.26 (m, 1H), 
4.83-4.82 (d, J = 4.4 Hz. 1H). 3.86-3.68 (m. 4H). 3.27 (bs. 1H), 2.38 - 2.06 (m, 4H). 1.68- 
1.42 (bs, 6H), 1.06-1.04 (d. J = 6.32 Hz. 3H). ES-MS: calcxi. for C22H26N4O5 (428.48); found: 
429.3 [M+H]. 

2-^-(8-benzyloxy*quinolin-2-ylcarbamoyl)-pyrrolidine-1-carboxylic acid benzyl ester 
2-chlorocarbonyl-pyiTolidine-1-carboxylic acid benzyl ester and 8-hydroxy-quinolin-2-ylamlne 
is reacted to give bis-proline intennediate as described for the synthesis of 2-S-(pyridin-2-yl- 
carbamoyl)-pynx>lidine-1-carboxylic acid benzyl ester In Example 1. This Intenmediate on 
treatment with lithium hydroxide in THF:water (4:1) provides the corresponding 8-hydroxy 
derivative which on 0-benzylation with benzyl bromide in DMF-K2CO3 yields the desired 
compound. 

1H NMR (DMSO-de): §11.2-11.1 (m. 1H), 8.49 (s. 1H), 7.73-7.23 (m. 14H). 5.50 (s, 2H), 
5.31-5.22 (m. 2H), 4.83 (bs, 1H). 3.73-3.61 (m, 2H), 2.52-2.36 (m, 1H), 2.18-2.03 (m, 3H). 
ES-MS: calcd. for C29H27N3O4 (481 .54); found: 482.2 [M+H]. 

Pyrrolidine-2-S«carbDxylic acid (8-benzyloxy-quinolin-2-yl)-amide hydrobromic acid 
salt 

1H NMR (DMSO-de): §11.6 (bs, 1H). 8:91 (bs. 1H). 8.60-8.57 (m, 1H), 7.73-7.31 (m, 9H). 
5.52 (s. 2H), 4.68 (bs, 1H), 3.55^.46 (m, 2H), 2. 68-2.63 (m. 1H), 2.18-2.09 (m. 3H). ES-MS: 
calcd. for C2iH2iN302*2HBr (347.41 ); found: 348.3 [M+H]. 

Example 28: 1 -{2-R-[(formyi-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidlne-2-S-carbo- 
xyllc acid-(3-methoxy-6-methyl-pyrldln-2-yl)-amlde 

The title compound Is prepared according to General Procedure A from 2-[(benzyloxy- 
fon7iyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pyrroHdine-2-carboxylic acid (3- 
methoxy-6-methyl-pyrldln-2-yl)-amide AS {X = CH2, n = 1, Ri = 2-(3-methoxy-6- 
methyl)pyridyl]. 

1H NMR (DMSO-de): §7.54-7.51 (d, J = 8.24 Hz. 1H), 7.24-7.21 (d. J = 8.24 Hz, 1H). 4.79 
(bs. 1H). 3.94 (bs, 3H). 3.86-3.52 (m. 2H), 3.51 (bs, 2H), 3.27 (bs, 1H). 2.69 (bs, 3H), 2.26- 
2.01 (m, 4H), 1.64-1.42 (bs, 6H), 1.04-1.0 (t, J = 5.77 & 6.04 Hz, 3H). ES-MS: calcd. for 
C20H30N4O5 (406.48); found: 407,3 [M+H]. 

A-8 is prepared from 2-chlorocarbonyl-pyrrolldine-1-carboxylic add benzyl ester and 3- 
methoxy-6-methyl-pyridin-2-ylamine as described for the synthesis of pym)lldine-2- 
carboxylic acid pyrldine-2-yl-amide (hydrobromic acid salt) in Example 1. 
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PyiTolidine-2-S-c'arBbxync acid (3-methoxy-6-methyl-pyridin-2-yl) amide hydrobromic 
acid salt 

1H mn (Diy/ISO-ds): §7.79-7.76 (d. J = 8.24 Hz, 1H). 7.45-7.42 (d, J = 8.24 Hz, 1H), 4.68 
(bs, 1H). 4.01 (bs, 3H). 3.47-3.43 (t, J = 5.49 Hz, 2H), 2.7 (bs, 3H), 2.2-2.08 (m, 4H). BS4AS: 
calcd. for C^HiyNgOa (235.13); found: 236.2 py/l+H]. 

Example 29: 1-{2-R-{(formyl-hydroxy-ainino)-nfiethyl]-hexanoyl}-pyrrolidlne-2-S-carbo- 
xylic acid (4-meti)oxy-pyridin-2-yi)-amide 

Tiie title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fonnyl-amlno)-methyl]-hexanoic add A-7 (R=n-butyl) and pyn-olidine-2-carbo)vlic acid (4- 
methoxy-pyrldin-2-yl)-amide A-8 p( = CHa, n = 1, Ri = 2-(4-methoxy)pyridyl]. 
1H NMR (DMSO-de, rotamers): § 10.7 (bs. 1H), 10.2 (s, 0.3H), 9.87 (s, 0.7H), 8.44 (s, 0.6H), 
8.32-8.30 (d, J = 5.77 Hz, 1H), 7.98 (s, 0.4H), 7.86 (s, 1H). 6.91-6.88 (m, 1H), 4.75-4.73 (m, 
1H), 3.99 (s. 3H), 3.87-3.67 (m, 4H), 3.30-3.10 (bs, 1H), 2.30-2.06 (m, 4H), 1.65-1.36 (m. 
6H), 1.11-0.926 (m, 3H). ES-MS: calcd. for C19H28N4O5 (392.45); found: 393.3 [M+HJ. 
A-8 Is prepared from 2-chlorocarbonyl-pynrolidine-1-carboxyllc acid benzyl ester and 4- 
methoxy-pyridin-2-ylamlne as described for the synthesis of pyrrolidine-2-carboxylic add 
pyridine-2-yl-amide (hydrobromic acid salt) in Example 1 . 

2-S-(4-methoxy-pyridin-2-ylcarbamoyl)-pyrrolidine-1-carboxyiic acid benzyl ester 

1H NMR (DMSO-ds): § 10.8-10.7 (d, J = 15.9 Hz, 1H), 8.32-8.31 (d, J = 5.7 Hz, 1H), 7.91 (s, 
1H), 7.58-7.27 (m. 5H), 6.92-6.89 (m, 1H), 5.32-5.16 (m, 2H), 4.75-4.68 (m, 1H). 4.00 (s, 
3H), 3.76-3.53 (m, 2H), 2.44-1.98 (m, 4H). ES-MS: calcd. for C19H21N3O4 (355.39); found: 
356.3 [M+H]. 

Pyrrolldine-2-S-carbo;^lic acid (4-metlioxy-pyridin-2>yi)-amlde liydrobromic acid salt 
1H NMR (DMSO-de): D11.9 (bs, 1H), 8.98 (bs, 1H), 8.48-8.47 (d, J = 6.32 Hz, 1H), 7.67 (bs, 
1H). 7.22-7.19 (m, 1H), 4.70-4.69 (m. 1H), 4.12 (s, 3H), 3.51-3.47 (m, 2H), 2.66-2.57 (m, 
1H). 2.28-2.10 (m, 3H). ES-MS: calcd. for CiiHi5N302*2HBr (221.26); found: 222.2 [M+H] 
free base. 

1-{2-R-[(ben^ioxy-f6rmyl-amino)-niet)iyi]-hexanoy|}-pyrrolidine-2-S-carboxyiic acid 
(4-metiioxy-pyridin-2-yl)-amlde 

1H NMR (DMSO-de, rotamere): §10.7 (s, 1H). 8.41 (s. 0.5H), 8.33-8.31 (m, 1H), 8.06 (s, 
0.5H). 7.85 (s, 1H), 7.62-7.59 (m, 5H), 6.91-6.88 (m, 1H), 5.06 (s, 2H), 4.77 (s, 1H), 3.99 (s. 
3H). 3.85-3.67 (m, 4H), 3.10 (bs, 1H). 2.28-Z06 (m. 4H), 1.65-1.44 (m, 6H), 1.05-1.01 (m, 
3H). ES-MS: calcd. for C26H34N405 (482.57); found: 483.3 [M+H]. 
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Example 30: 1-{2-R-[(formyl-hydroxy-amfno)-methyl]-hexanoyl}-pyrrolidine-2-S>carbo- 
xyllc acid (3-methoxy-pyridin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyIoxy- 
formyl-amino)-metiiyl]-iiexanoic acid A-7 (R=n-btityl) and pynrolidine-2-carboxylic acid (3- 
metho)or-pyridin-2-yl)-amide A-8 p( = CH2, n = 1, R, = 2-(3-methoxy)pyridyJ]. 
1H NMR (DMSO-de): § 9.83 (s, 1H), 8.45 (s, 1H). 8.13-8.11 (m. 1H), 7.98 (s, 1H). 7.65-7.62 
(m, 1H), 7.40-7.36 (m, 1H), 4.83 (bs, 1H), 4.00 (s, 3H), 3.70-3.83 (m. 4H), 3.20 (bs, 1H), 
2.35-2.205 (m, 4H). 1.75-1.43 (m, 6H), 1.15-1.00 (m, 3H). ES-IWS: calcd. for C,9H28N40s 
(392.45); found: 393.3 [M+H\. 

A-8 is prepared from 2-clilorocarbonyl-|^rrolidine-1-carbotxyiic add ben^ ester and 3- 
methoxy-pyridin-2-ylamine as described for the synthesis of pyrrolidine-2-carboxync acid 
pyridine-2-yt-amide (hydrobromicadd salt) in Example 1. 

2-S-(3-methoxy-pyridin-2-ylcarbamoyi)i»yrrolldIne-1-carboxyllc acid benzyl ester 

1H NMR (DMSO-de): §9.96-9.90 (d, J = 17.8 Hz. 1H). 8.17-8.13 (m, 1H), 7.66-7.39 (m. 7H), 
5.28-5.19 (m, 2H), 4.72 (bs, 1H), 3.94 (s, 3H). 3.69-3.53 (m, 2H), 2.49-2.31 (m, 1H), 2.18- 
2.04 (m. 3H)s. ES-I\1S: calcd. for C^^ztN^^ (355.39); found: 356.3 [Mt-Hl. 
Pyrrolidine-2-S-carbo]^ic acid (3-methoxy-pyridln-2-yl)-amide hydrobromic acid salt 
1H Niy^R (DI\4S0-de): §10.8 (bs. 1H), 8.89 (bs. 1H), 8.23-8.21 (m. 1H). 7.87-7.85 (m. 1H), 
7.60-7.56 (m. 1H), 4.73 (bs. 1H), 4.07 (s. 3H). 3.54-3.45 (m, 2H). 2.64-2.57 (m. 1H), 2.24- 
2.14 (m, 3H). ES-MS: calcd. for CiHisN302'2HBr (221.26); found: 222.2 [M+H] free base. 
1 -{2-R-[(benzyloxy-f onnyl-4mlno)-methyl]-hexanoylH>yrrolldine-2-8-carboxylic acid 
(3-methoxy-pyridln-2-yO-amlde 

1H NMR (DMSO-de): §9.82 (s. 1H), 8.42 (s, 1H), 8.13-8.11 (m, 1H). 7.65-7.59 (m, 6H), 7.40- 
7.36 (m. 1H), 5.06 (s. 2H). 4.81 (bs. 1H). 4.00 (s. 3H). 3.88-3.70 (m. 4H). 3.10 (bs. 1H). 2.13- 
2.01 (m. 4H), 1.65-1.41 (m. 6H). 1.03-0.968 (m. 3H). ES-MS: calcd. for C26H34N4O5 (482.57); 
found: 483.3 [M+H]. 

Example 31 : 1 -{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl>-pynrolldine-2-S- 
carboxylic acid (6-hydroxy-pyridin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomriyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pyrrolidine-2-carboxylic acid (6- 
benzyloxy-pyridin-2-yl)-amide A-8 [X = CH2, n = 1, Ri = 2-(3-benzyloxy)pyridyl]. 
1H NMR (DMSO-de, rotamers): § 10.4 (bs, 1H), 10.24 (s, 1H), 9.87 (s, 1H), 8.44 (s, 1H), 7.97 
(s, 1H), 7.74-7.69 (m. 1H), 6.43 (bs, 1H), 4.70 (bs, 1H), 3.85-3.70 (m, 4H), 3.21 (bs, 1H). 
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2.27-2.06 (m, 4H), 1.65-1.43 (m. 6H), 1.03 (bs, 3H). ES-MS: calcd. for C18H26N4O5 (378.42); 
found: 379.2 (M+HJ. 

A-8 Is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 6- 
hydroxy-pyridln-2-ylamlne to give bis-prollne derivative which on basic hydrolysis followed by 
0-benzylation provides the desired amine as described for the synthesis of pyrrolidine-2- 
carboxyllc acid pyridine-2-yl-amide (hydrobromic acid salt) in Example 1. 
2-S-(6-hydroxy-pyrldin-2-ylcarbamoy!)-pyrrolldine-1-carboxyllc acid benzyl ester 
1H NMR (DMSO-de): §10.9 (bs, 1H). 10.5 (bs, 1H), 7.77-7.70 (m, 1H). 7.56-7.30 (m, 6H), 
6.48-6.46 (m, 1H), 5.27-5.26 (m, 2H), 4.67-4.62 (m, 1H). 3.72-3.57 (m, 2H), 2.47-1.98 (m. 
4H). ES-MS: calcd. for C18H19N3O4 (341.36); found: 342.3 [M+H]. 
2-S-(6-benryloxy-pyridin-2-ylcarbamoyl)-pyrrolldine-1-cart)oxylic acid benzyl ester 
The hydroxy compound (0.920 g, 2.70 mmoi, 1 equiv.) Is dissolved in DMF (9 ml) and cooled 
to O'C. I^Oa (1.12 9, 8.09 mmol, 3 equiv.) is added followed by benzyl bromide (385 pi, 
3.23 mmoi, 1.2 equiv.). The resulting mixture is stinred at 0*C for 1 h, then at rt for 3 h. The 
reacSon mixture is diluted vinth EtOAc, washed with brine, and saturated NaHCOa. The 
oiganlc layer is dried over anhydrous NazS04, filtered, and concentrated. PurlficaUbn by FC 
(hexane:EtOAc - 2:1) gives the title compound as a colorless oil. 

1H NMR (DMSO-de): $10.6-10.5 (m. 1H), 7.92-7.86 (m, 1H). 7.69-7.52 (m. 9H), 7.41-7.26 
(m, 2H), 6.81-6.75 (m. 1H), 5.54-5.51 (m. 2H), 5.28-5.24 (m. 2H). 4.79-4.68 (m, 1H), 3.69- 
3.59 (m, 2H), 2.46-2.07 (m, 4H). ES-I^: calcd. for C26H25N3O4 (431.48); found: 432.3 [M+H]. 
Pyrrolldine-2-S-carboxyllc add (6-bera^lo}qr-pyridln-2-yl)-amide hydrobromic acid salt 
1H NMR (DMSO-de, rotamers): § 11.1 (s, 0.6H). itO (s. 0.4H), , 8.88 (bs. 1H), 7,99-7.94 (m, 
0.4H). 7.86-7.80 (m, 0.6H), 7.67-7.47 (m. 6H), 6.85-6.83 (m, 0.6H), 6.63-6.60 (m, 0.4H). 
5.54-5.53 (s. 2H). 4.67-4.62 (m, 1H), 3.51-3.46 (m, 2H). 2.65-2.53 (m. 1H), 2.21-2.03 (m, 
3H). ES-MS: calcd. for Ci7Hi9N302*2HBr (297.35); found: 298.3 [M+H] free base. 
1 -{2-R-[(benzyloxy-formyl-amino)-methyl]-hexanoyl}-pyrrolidine-2-S-carboxylIc acid 
(6-benzyioxy-pyridin-2-yl)-amlde 

1H NMR (DMSO-de): §10.5 (s, 1H), 8.05 (s, 1H), 7.88-7.80 (m, 2H), 7.64-7.52 (m, 10H), 
6.76-6.74 (m. 1H). 5.53 (s, 2H), 5.06 (s, 2H), 4.79 (bs, H). 3.84-3.74 (m, 4H). 3.13 (bs, 1H), 
2.22-1.92 (m, 4H). 1.65-1.43 (m, 6H). 1.04-0.976 (m. 3H). ES-MS: calcd. for C32H36N4O6 
(558.67); found: 559.3 [M+H]. 

Example 32; 1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyi}-pyrrolldlne-2-5-carbo- 
xyllc acid (3-hydroxy-1-oxy-pyridin-2-yl)-amide 
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The title compound Is prepared according to General Procedure A described below from 
PFP ester of 2-[(benzyloxy-formyl-amino)-methyl]-hexanolc acid A-7 (R=n-butyl) and 
pyrro)ldlne-2-carboxylfc acid (3-benzyIoxy-1-oxy-pyridin-2-yl)-amide A-8 pC = CH2, n = 1, Ri 
= 2-(3-benzyloxy-1-oxy)-pyridyI]. 

1H NMR (DMSO-de): § 10.2-10.2 (m, 1H). 9.62 (s, 1H). 8.17 (s. 1H), 7.86-7.82 (m. 1H), 7.73 
(s. 1H), 7.09-7.03 (m, 1H), 6.85-6.82 (m. 1H), 4.65-4.61 (m, 1H). 3.56-3.45 (m, 4H), 2.96 (bs, 
1H), 2.20-1.85 (m, 4H), 1.39-1.17 (m. 6H), 0.753 (bs. 3H), ES-MS: calcd. for C18H26N4O6 
(394.42); found: 395.2 [M+H]. 

2-S-(3-benzyloxy-1-oxy-pyridin-2-ylcarbamoyl)-pyrrolldine-1-carboxylic acid benzyl 
ester 

2-chlorocarbonyl-pynrolidine-1-carboxylic add benzyl ester and 3-benzyloxy-pyrldin-2- 
ylamine Is reacted to give amide intermediate as described for the synthesis of 2-S-(pyridin- 
2-yl-carbamoyl)-pyrrolidine-1-carboxyllc acid benzyl ester in Example 1. This Intennediate on 
oxidation with MCPBA provides the title compound. 

1H NMR (DlVISO-de): 5 10.2-10.1 (m, 1H). 8,21-8.16 (m, 1H), 7.65-7.35 (m. 12H), 5.37-5.21 
(m, 4H), 4.78-4.70 (m, 1H), 3.63-3.60 (m, 2H), 2.30-1.84 (m. 4H). ES-MS: calcd. for 
C25H25N3O5 (447.46); found: 448.2 [M+H]. 

Pyrrolldlne-*2-S**carboxyllc add (3-benzyloxy-1-oxy-pyridin-2-yi)-ainide hydrobromic 
acid salt 

The removal of N-benzyioxycarbonyl group with HBr-AcOH from above intemnediate 
fumished the desired compound. 

1H NMR (DMSO-dfl): 5 10.8 (s. 1H). 8.90-8.88 (m, 1H). 8.26-8.23 (m, 1H), 7.65-7.45 (m, 
7H). 5.39 (s, H). 4.72-4.67 (m. 1H), 3.46^.34 (m, 2H), 2. 54-1.75 (m, 4H). ES-MS: calcd. for 
Ci7Hi9N303*2HBr (313.35); found: 314.3 [M+KQ free base. 

1-{2-R-[(benzyloxy-formyl-amfno)-methyl]-hexanoyl}-pyrrolIdine-2-S-carboxyllc acid 
(3-benzyloxy-1 -oxy-pyridi n-2-yI)-amide 

To a solution of pentafluorophenyl ester of A-7 (0.920 g, 2.13 mmol, 1 equiv.) in dry DMF (1 1 
ml) at OX under nitrogen is added Hunig's base (1.9 ml, 10.7 mmol, 5.0 equiv.) followed by 
amine (1.52 g, 3.20 mmol, 1.5 equiv.). The resulting mixture is stirred at rt for 23 h. The 
reaction mixture is partitioned between EtOAc and 10% dtric acid. The organic layer is 
washed with brine and saturated NaHCOs, dried over anhydrous Na2S04, filtered, and 
concentrated. The residue is purified by FC (CH2Cl2:methanol = 100:0 to 96:4) to give the 
title compound as a white solid. 
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1H NMR (DMSO-de): §10.08 (s, 1H), 8.19-8.16 (m, H), 7.65-7.36 (m, 13H), 5.32 (s. 2H). 
5.06-5.05 (m, 2H), 3.88-3.59 (m, 4H), 3.07 (bs, 1H). 2.10-1.78 (m. 4H), 1.65-1.39 (m, 6H). 
1.03-0^945 (m. 3H). ES-MS: calcd. for C32H38N4O6 (574.67); found: 575.4 [M+H]. 

Example 33 : 1 •-{2-R-[(formyl*hydroxy-amino)-methyl]-hexanoyl}»pyrrolidine--^^ 
xyilc acid (benzo[1,3]dioxol-5-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 

fon7iyi-amino)-metliyO-hexanoic acid A-7 (R=n-butyl) and pyrrolidine-2-carboxyiic acid 

(benzo[1,3]dioxol-5-yl)-amide A-8 pC = CH2, n = 1, Ri = 5-(benzo[1,3]dioxol)]. 

1H NIVIR (DMSO-de): §7.47-7.46 (d, J = 1.65 Hz, 1H). 7.15-7.02 (m, 2H), 6.17-6.16 (d. J = 

3.85 Hz. 2HX 4.54 (bs, IH). 3.86-3.7 (m. 2H). 3.52 (bs. 2H). 2.28-2.05 (m, 4H). 1.64-1.45 (m. 

6H), 1,06-1.04 (d. J = 6.32 Hz, 3H). ES-MS: calcd. for CaoH27N306 (405.45); found: 406.3 

[M+H]. 

A-8 Is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic acid benzyl ester and 5- 
amino-(benzo[1,3Jdioxoi as described for the synthesis of pynrolidine-2-carboxyllc acid 
pyridine-2-yl-amide (hydrobromic acid salt) in Example 1. 

2-S-(benzoI1,3]dloxol-5-yl-carbamoyl)-pyrrolfdlne-1-carboxyllc acid benzyl ester 
1H NIVIR (DMSO-de): §7.6-7.3 (m, 6H), 7.2-7.02 (m, 2H), 6.17-6.16 (d, J = 1.47 Hz. 2H), 
5.31-5.11 (m. 2H), 4,5-4.45 (m, 1H), 3.7-3.6 (m, 2H). 2.5-2.34 (m. 1H). 2.14-1.98 (m, 3H). 
ES-MS: calcd. for C20H20N2O5 (368.14); found: 369.2 [M+H]. 

Pyrrolidine-2-S-carboxylic acid (benzo[1,3]dioxoi-5-yl)*amide hydrobromic acid salt 
1H NMR (DMSO-de): § 7.49-7.48 (d. J = 2.2 Hz. 1H), 7.2-7.17 (m, 1H), 7.11-7.08 (d. J= 8.24 
Hz. 1H), 6.2 (bs, 2H). 4.5-4.48 (t, J = 7.1 & 6.3 Hz, 1H), 3.46-3.45 (d. J = 5.22 Hz, 2H). 2,58- 
2.54 (t, J = 8.24 & 6.6 Hz, 1H). 2.18-2.1 (m, 3H). ES-MS: calcd. for C12H14N2O3 (234.1); 
found: 235.2 [M+H]. 

Example 34: 1 -{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolldlne-2-S-carbo- 
xyllc acid (2,2-difluoro-benzo[1,3]dioxol-5-yl)-amlde 

The title compound Is prepared according to General Procedure A from 2-[(benzyloxy- 
formyl-amino)-methyl]-hexanolc acid A-7 (R=n-butyl) and pyrrolidine-2-carboxylic acSd (2,2- 
difIuoro-benzo[1,3]dloxol-5-y[)-amide A-8 [X = CH2. n = 1. Ri = 5-((2,2-dlfluoro- 
benzo[1,3]dioxol]. 
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1H NMR (DMSO-de): § 7.96-7.93 (m. 1H), 7.56-7.42 (m, 2H, 4.56-4.55 (d, J = 3.57 Hz, 1H), 
3.86-3.6 (m, 2H), 3.53 (bs, 2H), 3.28 (bs, 1H), 2.31-2.02 (m. 4H), 1.63-1.45 (m, 6H). 1.04 
(bs, 3H). ES-MS: calcd. for C20H25F2N3O6 (441.43); found: 442.3 [M+HJ. 
A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic add benzyl ester and 5- 
amino-(2,2-clifiuoro-benzo[1,3]dioxol) as described for the synthesis of pynrolidine-2- 
carboxylic acid pyridine-2-yl-amide (hydrobromic acid salt) in Example 1. 
2-S-(2,2-difluoro*benzo[1 ,3]dloxol-5-yl-carbanioyl)-pyrroIidfne-1 -carboxylic acid benzyl 
ester 

1H NIWR (DMSO-de): §7.97-7.87 (dd, 1H), 7.57-7.3 (m, 7H), 5.31-5.10 (m. 2H). 4.6-4.48 (m, 
1H), 3.73-3.6 (m, 2H), 2.46-2.38 (m, 1H), 2.15-2.02 (m, 3H). ES-IVIS: calcd. for CaoHieFsNaOs 
(404.12); found: 427.2 [M+Na]. 

Pyrrolid!ne-2<^-carboxylic acid (2,2-<lifluoro-benzo[1,3]dioxol-5-yl)-amlde (hydrobro- 
mic acid salt) 

1H NMR (DMSO-de): §7.63-7.33 (m, 3H). 4.56 (bs, 1H), 3.59 (bs, 2H), 2.63-2.56 (m, 1H), 
2.2-2.13 (m, 3H). ES-MS: calcd. for C^zHuPJ^zOs (270.08); found: 271.2 [M+HJ. 

Example 35: H2-R-[(formyI-hydroxy*amino)-methyi]-hexanoyl}-pyrrolidine-2-S- 
carboxylic acid (phenoxy-phenyl*3-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fomiyl-amino)-methyll-hexanoic acid A-7 (R=n-butyl) and pyrrolidine-2-carboxylic add 3- 
phenoxy-phenyl-3-yl)-amide A-8 p( = CH2, n = 1 , Ri = 3-(phenoxy-phenyl). 
1H NMR (DMSO-de): §7.95 (bs. 1H). 7.60-7.19 (m, 7H). 6.89 (bs, 1H), 4.55 (bs, 1H), 3.8- 
3.71 (m, 2H), 3.53 (bs, 2H), 3.27 (bs, 1H), 2.27-2.05 (m, 4H). 1.42 (bs. 6H), 1.01 (bs. 3H). 
ES-MS: caicd. for C25H31N3O5 (453.54); found: 454.3 [M+H]. 

A-8 is prepared from 2-chlorocarbonyl-pyrroIidine-1 -carboxylic acid benzyl ester and 3- 
phenoxy-aniiine as described for the synthesis of pynroIidine-2-carboxylic acid pyridine-2-yl- 
amlde (hydrobromic acid salt) in Example 1. 

2-^-(phenoxy-phenyl-3-yl-carbamoyl)-pyrrolid]ne«1 -carboxylic acid benzyl ester 

1H NMR (DMSO-de): § 7.62-7.19 (m, 13H), 6.95-6.9 (m. 1H), 5.28 - 5.09 (m, 2H), 4.54-4.46 
(m, 1H). 4.2-3.58 (m. 2H), 2.42-2.39 (m. 1H). 2.12-1.99 (m. 3H). ES-MS: calcd. for 
C25H24N2O4 (416.17); found: 417.3 [M+H]. 

Pyrrolldine-2-S-carboxylic acid (phenoxy-phenyl-3-yl)-amlde hydrobromic acid salt 
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1H NMR (DMSO-de): §7.64-7.21 (m. 8H). 7.01-6.97 (m. 1H). 4.51 (bs. 1H). 3.60-3.43 (m. 
2H). 2.61-2.52 (m, 1H). 2.16-2.05 (m. 3H). ES-MS: calcd. for C17H18N2O2 (282.14); found: 
283.3 [M+H]. 

Example 36: 1 -{2-R-nformyl-hydroxy-amino)-methyl]-hexanoyl>-pyrrolIdine-2^-carbo- 
xyllc acid (5-fluoro'1 »oxy-'pyri din»2-yl)" amlde 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fonmyl-amino)-methylI-hexanoic add A-7 (R=n*butyl) and pynnolidine-2-carboxylic acid (5- 
fluoro-pyridin-2-yl)-amide A-8 fX = CH2, n = 1, Ri = 2-(5-fIuoro)-pyridyfl followed by the 
oxidation with with MCPBA. 

1H NMR (DIVISO-de): § 10.6 (s, 1H), 9.85 (s, 1H), 8J1 (s, 1H), 8.28 (m. 1H), 7.80 (s. 1H). 
7.45 (m, 1H), 4.75 (m, 1H), 3.52-3.80 (m, 2H), 3.32 (m, 2H), 3.05 (m, 1H), 2.14 (m, 1H), 1.94 
(m. 3H), 1.50 (m, 1H), 1.35 (m. 2H), 1.26 (m, 3H). d 0.84 (m, 3H). ES-MS calcd. for 
C18H26FN4O5 (396.42); found: 397.2 [M+H]. 

A-8 is prepared from 2-chlorocarbonyl-pyrrolidine-1-carboxylic add benzyl ester and 5- 
fluoro-pyridin-2-ylamine as described for the synthesis of pyrrolidine-2-carboxylic acid 
pyridine-2-yl-amide (hydrobromic add salt) in Example 1. 

1-{2-R-[(benzyloxy-formyl-amfno)-methyl]-hexanoyl}-pyrrolidlne«2-S-carboxyllc acid 
(5-fluoro-pyridin-2»yl)*amide 

1H NMR (DMSO-de): § 10.66 (s. 1H). 8.33 (m. 1H), 8.10 (m. 1H), d 7.75 (m, 1H). 7.44 (m. 
5H). 7.14 (m. 1H), 4.88 (s. 2H). 4.59 (m, 1H), 3.67 (m, 2H), 3.55 (m, 2H). 2.94 (m, 1H), 1.72- 
2.12 (m, 4H), 1.48 (m, 1H), 1.34 (m. 1H), 1.26 (m. 4H), 0.86 (m. 3H). ES-MS calcd. for 
C25H31FN4O4 (470.55); found 471.4 [M+H]. 

1-{2-R-[(benzyloxy-formyl-amino)-methyl]-hexanoyl}-pyrrolidlne-2-S-carboxyllc acid 
(5-fluoro-'1 -oxy-pyr!din-2-yi)-amlde 

1H NMR (DMSO-de): §10.61 (s, 1H). 8.73 (m. 1H). 8.26 (m. 1H), 7.90 (m, 1H), d 7.42 (m, 
5H). 7.11-7.30 (m, 1H). 4.86 (s, 2H), 4.78 (m. 1H). 3.67 (m, 2H). 3.56 (m. 2H), 2.92 (m. 1H). 
d 2.01 (m, 1H), 1.91 (m. 2H), 1.82 (m, 1H), 1.48 (m, 1H), 1.36 (m, 1H), 1.24 (m, 4H), d 0.83 
(m, 3H). ES-MS calcd. for C25H31FN4O5 (486.55); found: 487.4 [M+HJ. 

Example 37: 6-[1-(2-R-[(formyi-hydroxy-amlno)-methy!]-hexanoyl}-S-pyrrolldlne-2- 
carbonyl)-^mino] nicotinic acid methyl ester 

The title compound is prepared according to General Procedure A from 2-[(ben2yloxy- 
fonmyi-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and 6-[(pym)lidine-2-S-carbonyl)- 
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amino]-nicottnic acid methyl ester. A-8 [X = CH2, n = 1, Ri= 6-amino-nicotinic acid metliyl 
ester]. 

1H NIVIR (DIVISO-de): $ 10.60 (s,1H). 8.83 (s. 1H). 8.26 (1. d), 8.13 (d, 1H). 4.65 (1, m), 3.88 
(s, 3HX 3.70 (m, 1H), 3.62 (m. 2H), 3.43 (m, 1H), 3.06 (m. 1H), 2.14 (m, 1H), 1.86-2.04 (m, 
3H), 154 (m. 1H), 1.43 (m, 1H), 1.22-1.38 (m. 4H), 0.86 (t, 3H). ES-MS calcd. for 
C20H28N4O6 (420.46); found: 421.4 [M+HJ. 

Example 38: 1-{2-R-[(formyl*hydroxy-amlno)-methyl]»hexanoyl}-4-R4iydroxypyrro- 
lidine-2-S-carboxylic acid (5-methyl-pyridine»2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
formyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and 4-R-benzyloxy-pyrrolidlne-2- 
carboxylic acid (5-methyl-pyridin-2-yl)-amide A»8 pC = (R)-CH-OH, n = 1, Ri « 2-(5- 
methyl)pyridyl]. 

1H NIVIR (DMSO-de): §8.4-8.3 (m. 1H). 8.17-8.01 (m. 1H), 7.86-7.75 (m. 1H), 5.36 (bs. 1H). 
4.83-4,78 (t. J = 8.42 & 7.67 Hz, 1H), 4.56 (bs, 1H), 3.89-3.73 (m. 2H), 3.52 (bs, 2H), 3.14 
(bs. 1H). 2.69 (bs, 3H), 2.26-2.09 (m, 4H). 1.63-1.44 (m, 6H), 1.03 (bs, 3H). ES-MS: calcd. 
for C19H28N4O5 (392.46); found: 393.5 [M+H]. 

A-8 is prepared from 4-R-ben^loxy-pyn"olidine-1 -carboxylic acid tert-butyl ester and 5- 
methyl-pyridin-2-ylamine under HATU condition to give proline amide derivative which on 
treatment with 4M HCI in dioxane provides the desired amine as described for the synthesis 
of azetidine-2-S-(4-methyl-pyridin-2-yl)-amide hydrochloric acid salt in Example 18. 
4-R-benzyloxy-pyrrolidine-2-S-carboxylic acid (5-methyl-pyr!dine-2-yl)-amide 
1H NMR (DMSO-de): 5 8.42 (bs, 1H), 8.15-8.12 (d, J = 8.24 Hz. 1H), 7.96-7.92 (m. 1H), 
7.61-7.47 (m, 5H), 4.77-4.56 (m. 4H), 3.68-3.58 (m, 2H), 2.97-2.90 (m, 1H), 2.69 (bs, 3H). 
2.27-2.17 (m, 1H). ES-MS: calcd. for C18H21N3O2 (311.38); found: 312.5 [M+H]. 
4-R-benzyloxy-1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-pyrrolidine-2-S- 
carboxylic acid (5-metliyl-pyridine-2-yl)-amide 

1H NMR (DMSO-de): 58.4-8.3 (m, 1H), 8.14-8.01 (m. IN), 7.8-7.76 (d, J = 8.52 Hz, 1H), 
7.56-7.48 (m, 5H). 4.85-4.8 (t, J = 7.42 & 7.69 Hz, 1H), 4.75-4.46 (m, 2H). 4.05 (bs, 1H), 4.0- 
3.68 (m. 2H). 3.54 (bs. 2H). 3.16 (bs. 1H), 2.69 (bs. 3H). 2.49-2.23 (m, 4H). 1.64-1.44 (m. 
6H), 1.04 (bs. 3H). ES-MS: calcd. for C28H34N4O5 (482.57); found: 483.5 [M+H]. 

Example 39: 1-{2-R-[(formyl-hydroxy"amlno)-metliyl]-iiexanoyl}-4-S-hydroxypyiTo- 
lidine-2-*S-carboxylic acid (5*mettiyl-pyridine-2-yl)-amide 
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The title compound is prepared according to General Procedure A from 2-[(ben2y)oxy- 
formyl-amlno)-methyl]-hexanoic acid A-7 (R=n-butyl) and 4-S-0-benzoyl-pyrroIidine-2- 
carboxylic acid (5-methyl-pyridin-2-yl)-amide A-8 [X = (R>-CH-OH, n = 1, Ri = 2-(5- 
methyOpyridyi]. 

1H NMR (DMSO-de): 5 8.31-8.38 (d. J = 7.42 Hz, 1H), 8.16-8.11 (m, 1H), 7.8-7.76 (m. 1H). 
5.51-5.5 (d, J = 4.95 Hz, 1H), 4.63 (bs, 1H), 4.52-4.35 (d. J = 4.95 Hz, 1H), 4.02-3.68 (m, 
2H), 3.52 (bs, 2H), 2.70 (bs, 1H), 2.69 (bs, 3H), 2.21-1.97 (m, 4H). 1.64-1.42 (m, 6H), 1.05- 

1.03 (d. J = 6.04 Hz, 3H). ES-MS: calcd. for C19H28N4O5 (392.46); found: 393.5 [M+H]. 
4-S-0-benzoyl-pyrrolidine-2-S-carboxylic acid (5-*methyl-pyridIne-2-yl)»amide 

A-8 is prepared by tlie inversion of 4-R-hydroxy-pyrroiidine-1-carboxyiic acid butyl (5-methyl- 
pyrTdin-2-yl}-amtde under Mitsunobu condition to give 4-S-O-benzyioxy proline amide 
derivative v\^icfi on treatment witfi 4M HCI in dioxane provides the desired amine as 
described for the synthesis of azetidine-2-S-(4*methyi-pyridin-2-yl)-amide hydrochloric add 
salt in Example 18. 

1H NIVIR (DMSO-de): §8.38 (bs, 1H), 8.15-8.06 (m, 2H), 7.92-7.8 (m, 4H). 7.66-7.61 (t, J = 
7.69 Hz, 1H), 5.74 (bs, 1H), 4.89 (bs. 1H), 3.83 (bs, 2H), 3.03-2.94 (m, 1H), 2.7-2.45 (m. 
4H). ES-MS: calcd. for C18H19N3O3 (325.37); found: 326.4 [IW+H]. 

Example 40: 1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyi}-4-R-hydroxypynro- 
lidine-2-S-carboxylic acid (4-ethyl-pyridine-2-yl)-amlde 

The title compound is prepared according to General Procedure A from 2-[(benzyioxy- 
fomiyi-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and pyrrolidine-2-carboxylic acid (4- 
ethyl-pyridin-2-yl)-amide A-8 [X = (R)-CH-OH, n = 1, Ri = 2-(4-ethyl)pyridyll. 
1H NIVIR (DMSO-de): §8.38-8.36 (d. J = 4.945 Hz, 1H), 8.12-8.01 (m, 1H), 7.16-7.14 (m, 
1H). 5.37-5.36(d, J = 2.3 Hz, 1H), 4.85-4.8 (t, J = 7.69 Hz, 1H), 4.57 (bs, 1H), 3.89-3.55 (m, 
2H), 3.52 (bs, 2H). 3.14 (bs, 1H), 2.82-2.6 (m, 2H), 2.26-2.09 (m, 4H). 1.63-1.33 (m, 9H), 

1.04 (bs. 3H). ES-MS: calcd. for C20H30N4O5 (406.48); found: 407.5 [M+H]. 

A-8 is prepared from 4-R-benzyIoxy-pyrrolidine-1-carboxylic acid tert-butyl ester and 4-ethyl- 
pyridin-2-ylamine under HATU condition to give proline amide derivative which on treatment 
with 4M HCI in dioxane provides the desired amine as described for the synthesis of 
azetidine-2-S-(4-methyl-pyridin-2-yl)- amide hydrochloric add salt in Example 18. 
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4-R-benzyloxy-pyrrolidine-2-S-carboxylIc acid (4-ethyl-pyridine-2-yl)-*amide 

1H NMR (DMSO-de): 5 8.48-8.46 (d. J = 5.22 Hz, 1H). 8.11 (bs, 1H). 7.62-7.34 (m. 8H). 
4.81-4.56 (m, 4H), 3.69-3.59 (m, 2H), 2.98-2.83 (m, 3H), 2.29-2.19 (m, IH), 1.41-1.38 (t, J = 
5.49 & 2.2 Hz. 3H). ES-MS: calcd. for C19H23N3O2 (325.41); found: 326.3 [M+H]. 

Example 41 ; H2-R-[{fonnyl-hydroxy-amino)-methyl]*hexanoyl}-4-R-hydroxypyr^^^ 

lidine-2-*S-carboxylic acid (5-trifluoromethyI-pyridine-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 

fonfnyl-amlno)-methyO-hexanoic acid A-7 (R=n-butyl) and pynrolidine-2-carboxylic add (5- 

trifluoromethyl-pyridin-2-yl)-amide A-8 pc = (R)-CH-OH, n = 1, Ri = 2-(5-trifluomethylethyl)- 

pyridyL 

1H NMR (DIVISOKle): § 8.44-8.3 (m, 2H), 8.01 (bs. 1H), 4.88-4.83 (t. J = 7.69 Hz, 1H), 4.57 
(bs. 1H), 3.91-3.66 (m. 4H). 3.15 (bs. 1H). 2.3-2.13 (m. 2H), 1.63-1.45 (m, 6H), 1.03 (bs. 
3H). ES-IVIS: calcd. for C19H25F3N4O5 (446.43); found: 447.3 [M+H], 
A-8 is prepared from 4-R-benzyloxy-pynrolidine-1-carboxylic acid tert-butyl ester and 5- 
trifluoromethyl-pyridin-2-ylamlne under HATU condition to give proline amide derivative 
which on treatment with 4M HCI in dioxane provides the desired amine as described for the 
synthesis of azetidine-2-S-(4-methyl-pyridin-2-yl)-amide hydrochloric acid salt in Example 
18. 

4-R-benzyloxy-pyrrolidine-2-S-carboxylic acid (5-trifluoromethyl-pyridine-2-yl)-am!de 

1H NMR (DMSO-de): 5 8.98 (bs. 1H). 8.5-8.42 (m. 2H), 7.62-7.47 (m. 5H). 4.84-4.56 (m. 4H), 
3.69-3.61 (m, 2H). 2.97-2.91 (m, 1H). 2.3-2,21 (m, 1H). ES-MS: calcd. for CiaHiaFgNaOa 
(365.36): found: 366.3 [M+H]. 

Example 42 ; 4-S-fluoro-1 -{2-R-[(formyl-hydroxy-amlno)-methyl]-hexanoyl}-pyrrolldine* 
2-S-carboxylic acid (5-methyl-pyridine-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fonT)yl-amino)-methyl]-hexanolc acid A-7 (R=n-butyl) and 4-S-fluoro-pyrrolidine-2-carboxyNc 
add (5-methyl-pyridin-2-yl)-amide A-8 pC = (S)-CH-F, n = 1, Ri = 2-(5-methyl)-pyridyl. 
1H NMR (DMSO-de): 5 8.34-8.32 (bs, 1H), 8.1-8.05 (m. 1H), 7.83-7.80 (d, J = 8.52 Hz, 1H), 
5.63-5.45 (d, J = 54.1 Hz, 1H). 4.9-4.86 (d, J = 9.89 Hz, 1H). 4.22-3.5 (m, 4H), 3.18 (bs, 1H). 
2.69 (bs, 3H), 2.59-2.44 (m, 2H), 1.69-1.32 (m, 6H). 1.08-1.03 (t, J = 6.87 Hz, 3H). ES-MS: 
calcd. for C19H27FN4O4 (394.44); found: 395.4 [M+H]. 

4-R-hydroxy-pyrrolidine-2-S-carboxylic acid (5-methyl-pyridine-2-yI)*amide 



-46- 



wo 02/102790 PCT/EP02/06604 

The coupling of 0-tert butyl protected proline (1 mmol) with 5-picoline (1.5 mmol) in DMF (5 
ml) under HATU (1,3 mmol) and N,N-diisopropyletliyl amine (5 mmol) condition followed by 
removal of 0-tert butyl with TFA-dlchloroethane (1 :1) provides the title compound. 
1H NMR (DMSO-de): § 8.34-8.32 (t, J = 1.5 & 3.3 Hz. 1H), 8.18-8.14 (m, 1H). 7.82-7.77 (m. 
1H). 7,57-7.24 (m, 5H), 5.95-5.1 (m. 3H). 4.83-4.72 (m, 1H), 4.5 (bs, 1H). 3.75-3.59 (m, 4H), 
2J-2.67 (m, 3H), 2.38-2.31 (m, 1H), 2.18-2.1 (m, 1H). ES-MS: calcd. for Ct9H2iN304 
(355.15); found: 356.4 [M+H]. 

4-S-fluoro-pyiTolidlne-2-S-carboxylic acid (5-methyl-pyrldine-2-yl)*amide 

The above hydroxy compound (2 mmol) in methylenechloride (20 ml) is treated with N'N- 
diethyiamino sulphur trifluoride (DAST; 4 mmo]) at -70**C. Then, reaction mixture is stirred at 
rt for 16 h and washed with cold aq. NaHCOa solution, dried and concentrated under 
reduced pressure, it is purified on silica gel column chromatography to give N-protected 
derivative which on treatment with HBr-AcOH provides amino compound. 
1H NMR (DMSO-de): §8.41 (bs, 1H), 8.11-8.09 (d, J = 8.24 Hz, 1H), 7.92-7.05 (m, 1H), 
5.71-5.53 (d, J = 52.47 Hz, 1H), 4.8 (bs, 1H), 3.84-3.67 (m, 2H), 3.04-2.81 (m, 1H), 2.69 (bs, 
3H), 2.68-2.09 (m, 1H). ES-MS: calcd. for Ci,Hi4FN30 (223.25); found: 224.4 [M+Hl. 

Example 43 : 4-R-fluoro-1-{2-R-[(formyl-hydroxy-amlno)*methyl]-hexanoyl}-pyrrolidine- 
2-S-carboxylic acid (5-methyl-pyrldine*2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-I(benzyloxy- 
formyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and 4-R-fluoro-pyn'olidine-2-carboxylic 
acid (5-.methyl-pyrldln-2-yl)-amlde A-8 \X = (R)-CH-F, n = 1, Ri = 2-(5-methyl)-pyridyl. 
1H NMR (DMSO-de): 5 8.34-8.31 (d, J = 7.42 Hz, 1H), 8.15-8.12 (d, J = 8.51 Hz, 1H), 7.99- 
7.73 (m, 1H), 5,66-5.48 (d, J = 52.7 Hz, 1H), 4.87-4.81 (t, J = 8.52 & 8.24 Hz, 1H), 4.26-3.56 
(m, 2H), 3.52 (bs, 2H). 3.14 (bs, 1H). 2.69-2.68 (t, J = 1.92 & 1.65 Hz. 3H), 2.49-2.17 (m, 
2H), 1.64-1.42 (m. 6H), 1.08-1.04 (bs, 3H). ES-MS: calcd. for C19H27FN4O4 (394.44); found: 
395.4 [M+HJ. 

4-S-hydroxy-pyrro]|dine-1y2-dicarboxylIc acid 1-tert-buty) ester-2-methyI ester 
To a solution of trans-4-hydroxy compound (Immol). triphenyl phosphine (1.5 mmol) and 
benzoic acid (1.5 mmol) in THF (10 ml) is added N,N-diisopropyl-azo dicarboxylate 
(1.5 mmol) in THF (5 ml) dropwise at 0*^0. It Is stinred at rt for 16 h. The solvent Is removed 
under reduced pressure and residue is dissolved in ether. It is ice cooled to precipitate 
phosphine oxide which is removed by filtration and filtrate is concentrated under reduced 
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pressure. The crude material is treated with methanolic sodium methoxide for 2 h at 0*^0 to 
give titie cis-hydroxy compound. 

1H NMR (DMSO-de) 5. 4.43-4.35 (m, 2H), 3,80 (bs, 3H), 3.69 (m. 1H), 3.34-3.26 (m, 1H). 
2.54-2.50 (m, 1H), 2.04-197 (m. 1H). 1.55 (bs, 9H). ES-MS: calcd. for CnHuNOs (245.44); 
found: 246,3 [M+H], 

4-R-fluoro-pyiTolidlne-2-S-carboxyllc acid (5-methyl-pyridine-2*yl)-amide 

The fluorination of the above cis-hydroxy under similar reaction condition as described in 
Example 42 provides the trans-4-fiuoro derivative which on saponification gives the 
corresponding acid. The amide is prepared from 4-R-fluoro-pynrolidine-1-cart3oxylic add tert- 
butyl ester and 5-methyt-pyridin-2-ylam!ne under HATU condition to give proline amide 
derivative which on treatment with 4M HCI in dioxane provides the desired amine as 
described for the synthesis of azetidine-2-S-(4-methyl-pyridin-2-yl)-amide hydrochloric acid 
salt in Example 18. 

1H NMR (DMSO-de): 5 8.418-8.416 (t. J = 0.82 Hz, 1H), 8.14-8.11 (d, J = 8.52Hz, 1H). 7.97- 
7.94 (m, 1H), 5.78-5.59 (d, J = 55.77 Hz, 1H). 4.83 (bs. 1H), 3.89-3.69 (m. 2H). 3.04-2.91 
(m. 1H). 2.68 (bs, 3H), 2.44-2.29 (m, 1H). ES-MS: calcd. for C11H14FN3O (223.25); found: 
224.4 [M+H]. 

Example 44: 4p4-difluoro-1-{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}<'pyrro- 
lldlne-2-S-carboxylic acid (5-methyl-pyridine-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
formyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and 4-difluoro-pyrrolidine-2-carboxylic 
acid (5-methyl-pyridin-2-yl)-amide A-8 p< = CF2, n = 1, Ri = 2-(5-methyl>-pyridyl. 
1H NMR (DMSO-de): 58.34 (bs. 1H), 8.13*8.1 (d, J = 8,24 Hz. 1H). 7.87-7.78 (m. 1H). 4.94- 
4.91 (d, J = 8.24 Hz, 1H), 4.49-4.16 (m, 1H), 3.75-3.3 (m, 3H), 2.97 (bs, 1H). 2.94-2.88 (m, 
1H). 2.75-2.66 (m, 4H). 1.65-1.45 (m. 6H), 1.06-1.04 (d, J = 6.04 Hz, 3H). ES-MS: calcd. for 
C19H26F2N4O4 (412.44); found: 413.5 [M+HJ. 

4-oxo-pyrrolidine-1,2-dlcarboxylic acid 1-tert-butyl ester-2-methyl ester 
To a solution of oxalyl chloride (1.3 mmol) in methylene chloride (5 ml) is added DMSO (2.6 
mmol) dropwise at -70*C. After 20 min, a solution of trans-hydnoxy compound (1 mmol) in 
methylene chloride (5 ml) is added to reaction mixture. The readion mixture is wanned to - 
60°C and triethylamine is added to it. The reaction mixture is wanned up to O'^C and diluted 
with more methylene chloride. It is washed with saline, 10% aq. citric acid, dried and 
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concentrated under reduced pressure. The purification over silica gel with 20-30% EtOAc in 
hexane gives the 4-oxo compound. 

1H NMR (CDCI3): §4.83-4.71 (m, 1H), 3.91-3.79 (m. 2H), 3.77 (bs, 3H). Z98-2.88 (m, 1H), 
2.62-2.56 (m, 1H), 1.48 (bs. 9H). ES-MS: calcd. forCuHiyNOs (243.44); found: 244.3 [M+H], 
4-DI-fluoro-pyrrolidlne-2-S-carboxyllc acid (5-methyl-pyridine-2-yl)-amlde 
The fluorination of the above 4-oxo compound under similar reaction condition as described 
in Example 42 provides the 4-di-fluoro derivative which on saponification gives the 
coresponding acid. A-8 Is prepared from 4-di-fluoro-pyrrolldine-1-carboxylic acid tert-butyl 
ester and 5-methyl-pyridin-2-ylamine under HATU condition to give proline amide derivative 
which on treatment with 4 M HCI in dioxane provides the desired amine as described for the 
synthesis of azetidine-2-S-(4-methyl-pyridin-2-yl)-amlde hydrochloric acid salt in Example 
18. 

1H NMR (DMSO-de): 5 8.41-8.407 (t. J = 0.82 Hz, 1H). 8.13-8.10 (d, J = 8.52 Hz. 1H). 7.94- 
7.91 (m. 1H), 4.98-4.93 (t, J = 8.24 Hz, 1H), 4.02-3.93 (m, 2H). 3.26-3.2 (m, 1H). 2.94-2.84 
(m. 1H), 2.69-2.68 (t, J = 1.92 & 1.65 Hz. 3H). ES-MS: calcd. for C11H13F2N3O (241.24); 
found: 242.4 [M+H]. 

Example 45: 1 -{2-R-[(formyl-hydroxy-amino)-methyl]-hexanoyl}-4-R-methoxy-pyrro- 
lidine-2-S-carboxylic acid (5-methyl-pyridin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[{benzyloxy- 
fomiyl-amino)-methyl]-hexanolc acid A-7 (R=n-butyl) and 4-trans-methoxy-pyrrolidine-2- 
carboxylic acid (5-methyl-pyridin-2-yl)-amide A-8 [X = 4-trans-CH-OMe. n = 1. Ri = 2-(5- 
methyl)-pyridyl. 

1H NMR (DMSO-de): § 10.6 (s, 1H). 9.90 (s, 1H), 8.33-8.32 (m, 1H), 8.14-8.11 (m, 1H), 7.79- 
7.77 (m, 1H), 4.78-4.72 (m, 1H). 4.24 (bs, 1H). 3.97-3.78 (m, 2H), 3.69-3.67 (m, 1H), 3.52- 
3.34 (m. 4H), 3.15 (bs, 1H), 2.49-2.36 (m. 4H), 2.24-2.12 (m, 1H), 1.64-1.44 (m. 6H). 1.10- 
0.993 (m, 3H). ES-MS: calcd. for C20H30N4O5 (406.48); found: 407.5 [M+H]. 
A-8 is prepared from 4-R-hydroxy-pynrolidine-1,2-dicarboxyllc acid 1-fe/f-butyl ester and 5- 
methyl-pyridin-2-ylamine as described below. 

4-R-methoxy-pyrrolidine»1,2-dlcarboxylic acid i-te/t-butyl ester 2-methyl ester 
To a DMF solution (70 ml) of 4-R-hydroxy-pyrrolidine-1,2-dicarboxylic add 1-fert-butyl ester 
(5.0 g, 20.4 mmol, 1 equlv.) are successively added AgaO (14.2 g, 61 mmol, 3 equiv.) and 
methyl iodide (7.0 ml, 102 mmol, 5 equiv.) at 0**C. The reaction mixture Is allowed to come to 
rt ovemight. The reaction mixture is diluted with excess EtOAc. and the insoluble salts are 
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removed by filtration through Celite. The reaction mixture is washed with water, sat. 
NaHC03, and 10% sodium thiosuifate. The organic layer is dried over anhydrous Na2S04, 
filtered, and concentrated to give a light yellow oil. 

1H NIVIR (DMSO-de): 54.37-4.30 (m, 1H). 4.15-4.11 (m, 1H), 3.85-3.82 (m. 3H), 3.60-3.58 
(m. 2H), 3.40 (s, 3H). 2.54-2.47 (m, 1H), 2.18-2.08 (m, 1H). 1.58 (s. 3H), 1.51 (m. 6H). ES- 
MS: calcd. for CizHziNOs (259.30); found: 282.4 [M+Na]. 
4-R-methoxy*pyrrolldine-1,2*dIcarboxyIic acid 1-feit-butyl ester 
The above methyl ester (5.0 g, 19.2 mmol, 1 equiv.) is taken in a 3:1 solution of THF/water 
(180 ml/60 ml) and cooled to 0**C. A solution of lithium hydroxide (1M solution in water, 38 
ml, 38 mmol, 2 equiv.) is added, and the resulting mixture is stinred at 0**C for 2 h and at rt for 
2 h. The basic reaction mixture is quenched with Amberilte IR-120 resin (H*) to pH 4-5 at 
O'^C. The resin is filtered off and rinsed with EtOAc, and the mixture is concentrated to 
remove solvents. The residual oil is co-evaporated twice with toluene, and concentrated to 
give a light yellow oil. 

1H mR (DMSO-de): § 12.8 (bs, 1H), 4.32-4.20 (m, 1H). 4.13 (bs, 1H). 3.59-3.33 (m, 5H). 
2.52-2.42 (m, 1H), 2.17-2.06 (m, 1H), 1.58-1.53 (m. 9H). ES-IVIS: calcd.- for CnHigNOs 
(245.27); found: 2.44 [M-H]. 

4-R-methoxy-2-S-(5-methyl-pyridin-2-yicarbamoyl)-pyrroiidIne-1-carboxyllc acid feif- 
butyi ester 

To a DMF solution (35 ml) of above carboxylic acid (4.20 g, 17.1 mmol, 1 equiv.) are 
successively added Hunig's base (15 ml, 86 mmol, 5 equiv.), 2-amino-5-picollne (2.78 g, 26 
mmol. 1.5 equiv.), and HATU (9.77 g, 26 mmol. 1.5 equiv.) at O^'C. The resulting mixture is 
stirred at rt for 18 h. The mixture is partitioned between excess EtOAc and 10% citric acid. 
The organic layer is washed with brine and saturated NaHCOa, dried over anhydrous 
Na2S04, filtered, and concentrated. The residue is purified by FC (hexane:EtOAc = 100% to 
50%:50%) to give the title compound as a white solid. 

1H NIVIR (DMSO-de): 5 10.7-10.6 (m, 1H), 8.33 (s, 1H), 8.21-8.14 (m, 1H), 7.82-7.77 (m, 1H), 
4.63-4.54 (m, 1H). 4.15 (bs. 1H). 3.65-3.61 (m. 2H), 3.41 (s, 3H), 2.52-2.43 (m. 4H), 2.18- 
2.08 (m, 1H). 1.58-1.42 (m. 9H). ES-MS: calcd. for C17H25N3O4 (335.40); found: 336.5 [M+HJ. 
4-R-methoxy-pyrrolldIne-2-S-carboxyiic acid (5-methyl-pyrldin*2-yl)-amide (hydro- 
chloric acid salt) 

The Boc-prolineaminopicoline (2.78 g. 8.29 mmol, 1 equiv.) Is charged with 4N HCI/dioxane 
(21 ml, 83 mmol, 10 equiv.) at rt and allowed to stir for 18 h. The mixture is concentrated, 
and the residue is co-evaporated twice with toluene, and concentrated to give a pinl^ solid. 
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1H NMR (DMSO-de): §11.4 (bs. 1H), 10.4 (bs, 1H), 8.41-8.40 (m. 1H), 8.15-8.12 (m, 1H), 
7.92-7.88 (m. 1H), 4.69-4.63 (m, 1H), 4.36-4.33 (m, 1H). 3.69-3.56 (m, 1H). 3.53-3.44 (m, 
4H), 2.87-2.80 (m. 1H), 2.46 (s, 1H), 2.20-2.11 (m, 1H). ES-MS: calcd. for Ci2Hi7N302*2HCI 
(235.28); found: 236.4 [M+H] free base. 

1-{2-R-[(benzyIoxy-formyl-amino)-methyl]-hexanoyl}-4-R-methoxy-pyrrolidm 
carboxylic acid (5-methyl-pyridin-2-yl)-amlde 

To a DMF solution (6 ml) of trans-methoxyprolineaminopicoline HCI salt (679 mg, 2.20 
mmol, 1.5 equiv.), are successively added Hunig's base (1.3 ml. 7.34 mmol, Sequiv.), 
Versiacid VR1 172 (410 mg, 1.47 mmol, 1 equiv.), and HATU (837 mg. 2.20 mmol, 1.5 equiv) 
at 0*^0. The resulting mixture is stinned at rt for 18 h. The mixture Is partitioned between 
excess EtOAc and 10% citric acid. The organic layer is washed with brine and saturated 
NaHCOa. dried over anhydrous Na2S04, filtered, and concentrated. The residue is purified 
by FC (CH2Cl2:ACE = 100% to 50%:50%) to give the title compound as a coloriess oil. 
1H NMR (DMSOkJb): 8 10.6 (s. 1H). 8.37^.33 (m. 1H). 8.14-8.05 (m. 1H). 7.79-7.76 (m. 1H). 
7.61-7.57 (m, 6H), 5.06 (s. 2H), 4.79-4.70 (m, 1H). 4.21 (m. 1H). 3.85-3.83 (m. 2H), 3.65- 
3.45 (m, 2H). 3.36 (bs, 3H). 4.14 (bs. 1H), 2.49-2.40 (m, 4H), 2.19-2.11 (m, 1H). 1.63-1.33 
(m, 6H). 1.05-0.992 (m, 3H). ES-MS: calcd. for C27H36N4O5 (496.60); found: 497.7 [M+H]. 

Example 46: 1-{2-R-I(formyl-hydroxy-amino)-methyl]-hexanoyl}^-S-methoxy-pyrro- 
lidine-2-S-carboxylic acid (5-methyl-pyridin-2-yl)-amide 

The title compound is prepared according to General Procedure A from 2-[(benzyloxy- 
fonmyl-amino)-methyl]-hexanoic acid A-7 (R=n-butyl) and 4-cis-methoxy-pyrrolidine-2- 
carboxylic acid (5-methyl-pyridin-2-yl)-amide A-8 p< = 4-cis-CH-OMe, n = 1, Ri= 2-(5- 
methyl)-pyridyl]. 

1H NMR (DMSO-de): 510.3 (bs, 1H). 9.89 (bs, 1H), 8.30 (bs, 1H). 8.13-8.10 (m, 1H), 7.99 
(bs, 1H), 7.80-7.77 (m, 1H), 4.66 (bs. 1H). 4.44^.14 (m, 2H). 3.74-3.52 (m, 5H), 3.41-3.28 
(m. 2H). 2.56-2.42 (m. 4H), 2.24-2.12 (m, 1H). 1.66-1.46 (m. 6H), 1.05-1.03 (m. 3H). ES-MS: 
calcd. for C20H30N4O5 (406.48); found: 407.5 [M+H]. 

A-8 is prepared from 4-S-hydroxy-pyrroIidine-1,2-dicarboxyllc acid 1-fe/f-butyl ester and 5- 
methyl-pyrldin-2-ylamine as described for the corresponding trans methoxy compound 
(Example 45). 

4-S-methoxy-pyiTolidine-1,2^icarboxyllc acid 1-fe/f-butyi ester 2-methyl ester 
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1H NMR (CDCIg): 54.45-4.33 (m, 2H), 3.96-3.91 (m, 1H), 3.73 (s, 3H), 3.68-3.45 (m, 1H). 
3.28 (s, 3H), 2.33-2.22 (m, 2H), 1.481.42 (m, 9H). ES-MS: calcd. for C12H21NO5 (259.30); 
found: 282.4 [M+Na]. 

4-S-methoxy-pyrrolidine-1,2-dicarboxylic acid 1-feft-butyl ester 
1H NMR (DMSO-de): 512.8 (bs, 1H). 4.36-4.29 (m, 1H). 4.10-4.07 (m. 1H), 3.75-3.68 (m. 
1H), 341.3.35 (m, 4H), 2.58-2.49 (m, 1H), 2.21-2.14 (m. 1H), 1.58-1.53 (m, 9H). ES-MS: 
calcd. for C11H19NO5 (245.27); found: 2.44 [M-H]. 

4-S-methoxy-2-^-(5-methyl-pyridin-2-yicarbamoyi)-pyrrolidine-1 -carboxylic acid tert- 
butyl ester 

1H mR (DiVISO-de): 510.3-10.2 (m. 1H), 8.32-8.31 (m. 1H), 8,18-8.15 (m, 1H). 7.81-7.78 
(m, 1H). 4.51-4.46 (m, 1H), 4.18^.11 (m, 1H). 3.52 (s. 3H), 3.47-3.35 (m, 1H), 2.64-2.56 (m. 
1H). 2.43 (s, 3H), 2.20-2.05 (m. 1H). 1.59-1.44 (m, 9H). ES-I^S: calcd. for C17H25N3O4 
(335.40); found: 336.5 [M+H]. 

4-S-methoxy-pyrrolldlne-2-S-carboxyiic acid (5-methyl'pyridin-2>yl)-ainide (hydro- 
chloric acid salt) 

1H NMR (DMSO-de): S11.3 (bs. 1H), 10.6 (bs, 1H), 8.40-8.39 (m. 1H), 8.11-8.08 (m, 1H). 
7.92-7.88 (m, 1H), 4.65-4.57 (m, 1H), 4.29-4.25 (m, 1H), 3.52-3.39 (m. 2H), 3.37 (s, 3H), 
2.81-Z71 (m, 1H), 2.59-2.33 (m. 4H). ES-MS: calcd. for Ci2Hi7N302*2HCI (235.28); found: 
236.4 [M+H] free base. 

1-{2-R-[(ben2^oxy-formyl-amino)-methyi]-hexanoyl}-4-S-methoxy-pyrrolldine-2-S- 
carboxyllc acid (5-methyl-pyridin-2-yl)-ainide 

1H NMR (DMSO-de): 510.1 (bs, 1H), 8.43(bs, 1H). 8.34-8.31 (m, 1H), 8.11-8.09 (m, 1H). 
7.79-7.76 (m, 1H), 7.62 (m, 6H), 5.05 (s. 2H), 4.79 (bs, 1H), 4.62 (bs. 1H), 4.01-3.98 (m. 
1H). 3.90-3.83 (m, 1H), 3.54-3.34 (m, 5H), 3.17 (bs, 1H), 2.46-2.42 (m, 4H), 2.13-i2.09 (m. 
1H), 1.50-1.39 (m. 6H), 1.15-0.992 (m, 3H). ES-MS: calcd. for C27H38N4OS (496.60); found: 
497.7 [M+H]. 

Prefen'ed compounds according to the invention are e.g. the compounds of Examples 6, 8. 
9, 14, 15, 21 , 22, 28, 29, or 36. Even more prefened are those of Examples 14 or 36. 

The compounds of the invention, e.g. the compounds of formula (I), in free fomi or in 
phannaceuticaily acceptable salt finom or a prodnig thereof, exhibit valuable phanmacological 
properties, e.g. as anti-infectious agents, e.g. as indicated in in wtm and in vivo tests and are 
therefore Indicated for therapy. 
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The PDF/FDH coupled assay (Lazennec et al.. Anal. Biochem., Vol. 224, pp. 180-182 
(1997)) is used. In this coupled assay, the fonnate released by PDF from its substrate fMAS 
is oxidized by the coupling enzyme FDH, reducing one molecule of NAD* to NADH, which 
causes an Increase in absorption at 340 nM. All assays are earned out at rt in a buffer of 50 
mM HEPES, pH 7.2, 10 mM NaCI, 0.2 mg/ml BSA, in half-area 96-well microliter plates 
(Corning). The reaction is initiated by adding a mixture of 0.5 Unit/ml FDH, 1 mM NAD", and 
fMAS at the desired concentration. To detemnihe IC50 (the concentration needed to inhibit 
50% of enzyme activity) values, PDF is pre-incubated for 10 minutes with varying 
concentrations of the inhibitor, and the deformylation reaction Is initiated by the addition of 
reaction mixture containing 4 mM fMAS. The initial reaction velocity, y, is measured as the 
initial rate of absoiption increase at 340 nM using a SpectraMax plate reader (Molecular 
Devices, Sunnyvale, CA). The inhibitor concentration [In] at which 50% of the enzyme 
activity is inhibited, IC501 is calculated using the following formula: 

y = yo/{1+[In]/lC5o) 

where yo is the reaction velocity in the absence of inhibitor. Solving this equation for IC50 at 
the [In] when y s yo/2 yields IC50. The IC50 is calculated based on a nonlinear least-square 
regression fit using a commercial software package (Deltapoint, Ina, Chicago, IL.). 

Using this assay, the IC50 of various compounds of the invention is detemnined. The tCso for 
the various compounds is determined against defomnylase enzyme containing nickel and 
zinc as the metal ion. The IC50 values of preferred compounds of formula (I) detemnined for 
the zinc-containing deformylase range from about 0.001 pM to about 0.2 pM. The IC50 
values of preferred compounds of fonmula (I) detemnined for the nickel-containing 
deformylase ranged from about 0.005 pM to about 3 pM. 

B, Assay for Testing Antimicrobial Activity 

Minimum inhibitory concentrations (M)Cs) are deteiinined using the microdilution method in 
g6-well fonmat plates. Compounds are suspended in DMSO at 5 or 10 mg/ml and stored at 
4^*0 until used. They are diluted in Mueller-Hinton Broth (MHB) or Trypticase Soy Broth 
(TSB) and used for MIC detennination. The range of concentrations tested is 64-0.0625 
ic/g/ml final concentration using a two-fold dilution system. 
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The inoculum is prepared from cells grown on Trypticase Soy Agar (TSA) and incubated 
overnight at SS^'C, 5-10 colonies are used to inoculate MIHB or TSB broths, and the culture is 
incubated overnight at 35*^0. The overnight culture is diluted 1:10, incubated for 1 hour at 
SSX, diluted to the appropriate inoculum size and applied to the wells containing broth and 
test compound. Inoculum sizes are 2 x 1 0^ CFU/ml. 

Plates are incubated at SS^'C for 48 hours and MIC are recorded after 18 hours of incubation 
for bacteria. MIC is defined as the lowest concentration of a compound of the invention that 
does not produce visible growth after incubation. 

Minimum Inhibitory concentration for various prefenred compounds of formula (I) ranges from 
about 0.25 pg/ml to about 32 pg/ml against H. Influenza (four strains), from about 0.001 
fjg/ml to greater than 8 pg/ml against S. aureus (four strains), from about 0.016 pg/ml to 
about 16 pg/ml against S. pneumonia (four strains), and from about 0.008 pg/ml to about 16 
pg/ml against M. catanlialis. The defonmylase enzyme is obtained from E. co//. 

C. Demonstration of Selective Inhibition of PDF Compared to MMP"7 fMatrilvstn) 

As noted previously, inhibitors which are selective for peptidyl deformylase over MMPs are 
desirable in order to avoid side effects. 

In order to test the compounds of the invention for possible inhibitory effects on MMPs, the 
following assay for MMP-7 (matriiysin) is used. 

MMP-7 (Matriiysin) Assay: 

Matriiysin activity is assayed using a thio-peptide (Pro-Leu-Gly-S-Leu-Leu-Gly) as substrate. 
Upon enzyme hydrolysis, the thiolate is released as a product The thiolate thus generated 
reacts with DTNB (dithionitrobenzene), giving rise to a yellow color which is monitored at 405 
nM. The assay is earned out at r^ the assay buffer contains 50 mM Tricine, pH 7.5, 0.2 M 
NaCI, 10 mM CaCl2, and 0.05% BriJ, in a half-area g6-well microtiter plate. The reaction is 
initiated by adding a mixture of 200 TM DTNB and 100 TM thiopeptide in buffer. To 
detemnine IC50 (the concentration needed to inhibit 50% of enzyme activity) values, MMP-7 
is preincubated for 10 minutes with varying concentrations of compounds of the invention, 
and the hydrolysis initiated by the addition of reaction mixture containing thiopeptide and 
DTNB. The reaction rate is recorded as the absorii)ance increase in OD405 over 30 minutes 
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using a SpectraMax plate reader (Molecular Devices, Sunnyvale, CA). The inhibitor 
concentration [In] at which 50% of the enzyme activity is inhibited, IC50, is calculated using 
the following formula: 

y = yo/(1+[ln]/IC5o) 

where yo is the reaction velocity in the absence of inhibitor. Solving this equation for IC50 at 
the [In] when y = yo/2 yields ICso- 

Using this assay, the ICso of various compounds of the invention are determined. The IC50 of 
various preferred compounds of fonnula (I) against MMP-7 ranges from greater than 10 pM 
to greater than 100 pM, whereas the IC50 of these same compounds against zinc-containing 
PDF ranges from about 0.005 \iM to about 5 pM, and against nid^el-containing PDF ranged 
from about 0.001 pM to about 0.3 pM. Accordingly, compounds of the invention have 
superior selectivity for PDF as compared to their activity against MMP-7. Similar selectivity of 
the compounds for peptidyl defomnylase over MMP-1. MMP-2, MMP-3, MMP-9, MMP-13, 
MT-MMP-1. and tissue necrosis factor converting enzyme is observed. Similar selectivity is 
also observed over other metailoproteinases such as angiotensin converting enzyme. 

D. Mouse Septicemia Model for Determining In Vivo Efficacy 

CD1 female out-bred mice (Charies River Laboratories) weighing 18-22 g each are injected 
intraperitonealiy with 0.5 ml of a suspension containing 5 x 10^ cfu of S. aureus (Smith 
strain) in 7% hog gastric mucosa (mucin). The mice are treated, either subcutaneously (s.c). 
intravenously (i.v.) or orally (p.o.), 1 hour and 5 hours after infection. Six groups of six mice 
each are given different dosage levels representing two-fold dilutions of each compound to 
be tested (range of 100-0.1 mg/kg). Vancomycin is used as the control antibiotic and Is 
administered s.c. Compounds of the invention are formulated in PBS and untreated controls 
are dosed with vehicle alone. 

Deaths in each group are monitored daily for 6 days and cumulative mortality is used to 
detenrtine the 50% protective doses (PD50), which are calculated using the method of Reed 
and Muench. The PD50 (s.c.) in mice against S. aureus for several preferred compound of 
fonmula (I) ranges from about 0.1 nig/kg to greater than 12 mg/kg. The PD50 (p-o.) in mice 
against S. aureus for these same compounds of fomiula (I) ranges from 1 mg/ml to greater 
than 12 mg/kg. 
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E, Pharmacokinetics Study of PDF Inhibitors in Mice 

The pharmacokinetics of PDF compounds are detemnined in CD1 female out-bred mice 
(Charles River Laboratories) weighing 20-25 g. PDF compounds are formulated in 20% 
cyclodextrin (Aldrich) and filtered through 0.22 pm filter for sterilization. Either single 
compound or mixtures of 4-6 compounds as a cassette are administered i.v, and p.o. at 
10 ml/kg. The dose ranged from 3-15 mg/kg for each compound. At 0.083, 0.25, 0.5, 1, 2, 4 
and 7 hours after dosing, serum samples are collected via cardiac puncture under 
anesthesia. Groups of four mice are used for each time point. The serum samples are stored 
at -SO'C until analysis. 

The serum protein Is precipitated by addition of acetonrtrile. The samples after protein 
precipitation are analyzed by LC/I^S/I\/IS method. Standard curve is obtained for each 
compound and used for determination of compound concentration in serum^ The 
phanmacokinetlcs parameters including T^ax (time of maximum concentration), Cmax 
(maximum concentration), tyz (terminal half-life), and AUG (area under the curve), are 
calculated acconding to standard method. The oral bioavailability is calculated as .the ratio of 
AUG of p.o. administration vs. the AUG administered i.v. The preferred compounds of 
formula (I) exhibit oral bioavailability greater than 70%. 

The compounds of the present invention are, therefore, useful for the treatment and/or 
prevention of infectious disorders caused by a variety of bacterial or prokaryotic oiiganisms. 
Examples include, but are not limited to, Gram positive and Gram negative aerobic and 
anaerobic bacteria, Including Staphylococci, e.g. S. aureus and S. eplda/mldls; Ehterococcf, 
e.g. E. faecalis and faecium; Streptococci, e.g. S. pneumoniae; Haemophilus, e.g. 
H. Influenza; Moraxella, e.g. M catarrhalis; Bacteroldes, e.g., Bactoroides fragllls, 
Clostridium, e.g., Clostridium difficile, Niesseria, e.g., N. meningitidis and N. gonorrhoae, 
Legionella, and Escherichia, e.g. £ colL Other examples include Mycobacteria, ei.g. Af. 
tuberculosis', intercellular microbes, e.g. Chlamydia and Rickettsiae; and Mycoplasma, e.g. 
M. pneumoniae; and Pseudomonas, e.g, P, aeruginosa; Helicobacter pylorr, and parasites, 
e.g. Plasmodium falciparum. 

As used herein, an "infectious disorder" Is any disorder characterized by the presence of a 
microbial infection, such as the presence of bacteria. Such Infectious disorders include, for 
example, central nervous system infections, extemal ear Infections, Infections of the middle 
ear, such as acute otitis media, infections of the cranial sinuses, eye infections, infections of 
the oral cavity, such as infections of the teethe gums and mucosa, upper respiratory tract 
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infections, lower respiratory tract infections, genitourinary infections, gastrointestinal 
infections, gynecological infections, septicemia, bone and joint infections, skin and skin 
structure infections, bacterial endocarditis, bums, antibacterial prophylaxis of surgery, 
antibacterial prophylaxis in inDmunosuppressed patients, such as patients receiving cancer 
chemotherapy, or organ transplant patients and chronic diseases caused by infectious 
organisms, e.g. arteriosclerosis. 

The compounds may be used to treat a subject to treat, prevent, and/or reduce the severity 
of an infection. Subjects include animals, plants, blood products, cultures and surfaces such 
as those of medical or research equipment, such as glass, needles, surgical equipment and 
tubing, and objects intended for temporary or permanent implantation into an organism. 
Prefen-ed animals include mammals, e.g. mice, rats, cats, dogs, cows, sheep, pigs, horses, 
swine, primates, such as rhesus monkeys, chimpanzees, gorillas, and most preferably 
humans. Treating a subject includes, but is not limited to, preventing, reducing, and/or 
eliminating the clinical symptoms caused by an infection of a subject by a microorganism; 
preventing, reducing, and/or eliminating an infection of a subject by a microorganism; or 
preventing, reducing, and/or eliminating contamination of a subject by a microorganism. The 
microorganism involved is preferably a prokaryote, more preferably a bacterium. 

For the above uses the required dosage will of course vary depending on the mode of 
administration, the particular condition to be treated and the effect desired. The compositions 
may contain, for example, from about 0.1% by weight to at)out 99% by weight, e.g. firom 
about 10-60% by weight, of the active material, depending on the method of administration. 
Where the compositions comprise dosage units, each unit will contain, for example, from 
about 1-1000 mg, e.g. 1-500 mg, of the active Ingredient. The dosage as employed for adult 
human treatment v^ll range, for example, from about 1-3000 mg per day, for instance 1500 
mg per day depending on the route and frequency of administration. Such a dosage 
con-esponds to about 0.015-50 mg/kg per day. Suitably the dosage is, for example, from 
about 5-20 mg/kg per day. Suitable unit dosage forms for oral administration comprise ca. 
0.25-1 500 mg active ingredient 

A "pharniaceutically acceptable canrier' means an excipient that is useful in preparing a 
phanmaceutical composition that is generally safe, non-toxic and neither biologically nor 
othenvise undesirable, and includes an excipient that is acceptable for veterinary use as well 
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as human pharmaceutical use. A "phamiaceutically acceptable carrier" as used in the 
specification and claims includes both one and more than one such earners. 

The compounds may be administered by any conventional route, e.g. locally or systemically 
e.g. orally, topically, parenteraily, subdennally, or by inhalation and may be used for the 
treatment of bacterial infection in a subject such as animals, preferably, mammals, more 
preferably, humans. 

The compounds of the invention may be formulated for administration in any convenient way 
for use in human or veterinary medicine, by analogy with other antibiotics. Such methods are 
known in the art (see, e.g. Remington's Pharmaceutical Sciences, Easton, PA: Mack 
Publishing Co.) and are not desatbed in detail herein. 

The compositions may be In any form known in the art, including but not limited to tablets, 
capsules, wafers, fast melts (without wafers), powders, granules, lozenges, creams or liquid 
preparations, such as oral or sterile parenteral solutions or suspensions. The compounds 
may also be administered in liposomal, micellar or microemulsion fomnulatfons. The 
compounds may also be administered as prodmgs, where the prodrug administered 
undergoes biotransformation in the treated mammal to a form which is biologically acUve. 

The topical formulations of the present invention may be presented as, for instance, 
ointments, creams or lotions, solutions, salves, emulsions, plasters, eye ointments and eye 
or ear drops, impregnated dressings, transdemnal patches, sprays and aerosols, and may 
contain appropriate conventional additives such as preservatives, solvents to assist drug 
penetration and emollients in ointments and creams. 

The formulations may also contain compatible conventional caniers, such as cream or 
ointment bases and ethanol or oleyl alcohol for lotions. Such caniers may be present, for 
example, from about 1% up to about 99% of the formulation. For example, they may form up 
to about 80% of the fonmulation. 

Tablets and capsules for oral administration may be in unit dose presentation fomn, and may 
contain conventional excipients such as binding agents, for example, symp, acacia, gelatin, 
sorbitol, tragacanth, or polyvinylpyroiiidone; fillers, for example, lactose, sugar, maize-starch, 
calcium phosphate, sorhltol or glycine; tabletting iut>ricants, for example, magnesium 
stearate, talc, polyethylene glycol or silica; disintegrants, for example, potato starch; or 
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acceptable wetting agents, such as sodium lauryl sulphate. The tablets may be coated 
according to methods well-known in standard pharmaceutical practice. 

Oral liquid preparations may be in the fonn of, for example, aqueous or oily suspensions, 
solutions, emulsions, syrups or elixirs, or may be presented as a dry product for 
reconstitutlon with water or another suitable vehicle before use. Such liquid preparations 
may contain conventional additives, such as suspending agents, for example, sorbitol, 
methyl cellulose, glucose syrup, gelatin, hydroxyethyi cellulose, carboxymethyl cellulose, 
aluminium stearate gel or hydrogenated edible fats; emulsifying agents, for example, lecithin, 
sorbitan monooleate, or acacia; non-aqueous vehicles (which may include edible oils), for 
example, almond oil, oily esters such as glycerine, propylene glycol, or ethyl alcohol; 
preservatives, for example, methyl or propyl p-hydroxybenzoate or sorbic add, and, If 
desired, conventional flavoring or coloring agents. 

For parenteral administration, fluid unit dosage forms are prepared utilizing the compound 
and a sterile vehicle, water being prefenred. The compound, depending on the vehicle and 
concentration used, may be either suspended or dissolved In the vehicle or other suitable 
solvent. In preparing solutions, the compound may be dissolved in water for Injection and 
filter sterilized before filling into a suitable ^al or ampule and sealing. Advantageously, 
agents such as a local anesthetic preservative and buffering agents may be dissolved in the 
vehicle. To enhance the stability, the composition may be frozen after filling Into the vial and 
the water removed under vacuum. The dry lyophilized powder is then sealed In the vial and 
an accompanying vial of water for injection may be supplied to reconstitute the liquid prior to 
use. Parenteral suspensions are prepared in substantially the same manner except that the 
compound is suspended in the vehicle instead of being dissolved and sterilization cannot be 
accomplished by filtration. The compound may be sterilized by exposure to ethylene oxide 
before suspending In the sterile vehicle. Advantageously, a surfactant or wetting agent is 
included in the composition to facilitate uniform distribution of the compound. 

The compounds of the invention, e.g. the compounds of fonnula (I), may be administered in 
free forni or in phamnaceutically acceptable salt fonm e.g. as indicated above. Such salts 
may be prepared in conventional manner and exhibit the same order of activity as the free 
compounds. 

In accordance with the foregoing the present Invention further provides: 
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1.1 A method for treating and/or preventing an infectious disorder in a subject, such as a 
human or other animal subject, comprising administering to the subject an effective 
amount of a compound of the invention, e.g. of fomiula (I), a phamiaceuticaliy 
acceptable salt thereof or a prodmg thereof. 

1.2 A method for inhibiting peptidyl deformyiase in a subject comprising administering to 
the subject an effective peptidyl defomiylase inhibiting amount of a compound of the 
invention, e.g. of fonmula (I), a phamiaceuticaliy acceptable salt thereof or a prodmg 
thereof. 

2. A compound of the invention, e.g. of fonmula (I), in free fonn or in a pharmaceuHcally 
acceptable salt fonn for use as a pharmaceutical, e.g. in any method as indicated 
under 1 .1 or 1 .2 above. 

3. A phannaceutlcal composition, e.g. for use In any of the methods as in 1.1 or 1.2 
above comprising a compound of the invention, e.g. of fonmula (I), in free fonm or 
pharmaceutically acceptable salt fonm e.g. in association with a phanmaceutically 
acceptable diluent or earner therefor. 

4. A compound of the invention, e.g. of formula (I), a phanmaceutically acceptable salt or 
a prodrug thereof for use as a pharmaceutical or In the preparation of a pharmaceutical 
composition for use in any method as indicated under 1.1 or 1.2 above. 

"Treating" or "treatment" of a disease includes: 

(1) preventing the disease, i.e. causing the clinical symptoms of the disease not to 
develop in a subject, e.g. a mammal, that may be exposed to or predisposed to the 
disease but does not yet experience or display symptoms of the disease, 

(2) inhibiting the disease, i.e. arresting or reducing the development of the disease or its 
clinical symptoms, or 

(3) relieving the disease, i.e. causing regression of the disease or its clinical symptoms. 

An "effective peptidyl defonmylase Inhibiting amounr means the amount of a compound, a 
pharmaceutically acceptable salt thereof or a prodrug thereof, that when administered to a 
subject for treating an infectious disorder responsive to inhibition of peptidyl deformyiase or 
for inhibiting peptidyl defonmylase, is sufficient to inhibit peptidyl defonmylase. The "effective 
peptidyl deformyiase Inhibiting amounf will vary depending on the compound, salt thereof or 
prodrug thereof, employed, the microorganism that is inhibited in the subject, the age. 
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weight, sex, medical condition, species, disorder and its severity, of the subject to be treated, 
and the route of adnninistration, but may nevertheless be readily determined by one skilled in 
the art. 

The compounds of the invention, e.g. of formula (I), a phamnaceutlcaliy acceptable salt 
thereof or prodrug thereof, may be administered alone or in combination with another 
therapeutic agent. Examples of such therapeutic agents include, but are not limited to, other 
antibacterial agents such as p-lactams e.g. penicillins; cephalosporins; carbapenems; 
ketolides; quinolones e.g. fluoroquinolones; macrolides e.g. clarithromycin, azithromycin or 
vancomycin; rifamycins; monobactams; Isoniazid; licosamides; mupirocin; sulfonamides; 
phenicols; fosfomycin; glycopeptides; tetracyclines; streptogramins; chloramphenicol; and 
oxazolidinone, anti-inflammatory agents, e.g. corticosteroids or NSAID, analgesics, e.g. 
narcotic or non-opioic analgesics. 

In accordance with the foregoing the present invention provides in a yet further aspect: 

5. A method as defined above comprising co-administration, e.g. concomitantly or in 
sequence, of a therapeutically effective amount of a compound of the invention, e.g. 
of fonmula (I), a phanmaceutically acceptable salt thereof or a prodrug thereof, and a 
second therapeutic agent 

6. A therapeutic combination, e.g. a kit, comprising a) a compound of the invention, e.g. 
of fomiula (I), a phanmaceutically acceptable salt thereof or a prodrug thereof, and b) 
at least one second therapeutic agent. Component a) and component b) may be 
used concomitantly or in sequence. The kit may comprise instructions for its 
administration. 

The following are representative pharmaceutical fonnulations containing a compound of 
formula (I). 

Example 1: Tablet Formulation 

The following ingredients are mixed intimately and pressed into single scored tablets: 



Quantity per Ingredient Tablet (ma) 
Compound of this invention 400 
Cornstarch 50 
Croscamiellose sodium 25 
Lactose 120 
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Magnesium stearate 5 
Example 2; Capsule Formulation 

The following Ingredients are mixed intimately and loaded into a hard-shell gelatin capsule: 

Quantity per Ingredient Capsule (mo) 

Compound of this invention 200 

Lactose, spray - dried 148 

Magnesium stearate 2 

Example 3: Suspension Formulation 

The following ingredients are mixed to forni a suspension for oral administration: 



Inaredlent 


Amount 


Compound of this invention 


1.0 g 


Fumaric add 


0.5 g 


Sodium chloride 


2.0 g 


Methyl paraben 


0.15 g 


Propyl paraben 


0.05 g 


Granulated sugar 


25.0 g 


Sorbitol (70% solution) 


13.00 g 


Veegum K (Vanderbilt Co.) 


1.0 g 


Flavoring 


0.035 ml 


Colorings 


0.5 mg 


Distilled water 


q.s.to 100 ml 



Example 4; Inlectable Formulation 

The following ingredients are mixed to form an injectable fomnulation: 

Ingredient Amount 

Compound of this invention 0.2-20 mg 

Sodium acetate buffer solution, 0.4 M 20 ml 

HCI (1 N) or NiaOH (1 N) q.s. to suitable pH 

Water (distilled, sterile) q.s. to 20 ml 
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Example 5: Suppository Formulation 

A suppository of total weight 2.5 g is prepared by mixing the compound of the invention with 
Witepsol® H-5 (triglycerides of saturated vegetable fatty acid; Riches-Nelson, Inc., New 
York), and has the following composition: 



The present invention is not limited to the clinical use of the compounds of the invention, i.e, 
in the treatment of infection in a subject. The compounds of the invention are useful to 
inhibit bacteria wherever it is desired to inhibit bacteria by contacting the bacteria with one or 
more compounds of the invention. Because of their ability to inhibit bacteria, the compounds 
of the invention are particularly useful to prevent contamination of cell cultures. As used in 
this context, the term "inhibif means the suppression, control, stasis, or kill of bacteria. 
Eukaryotic cells, in particular animal cells, are often cultured for various reasons such as for 
their ability to produce substances such as proteins. Examples of such cells include 
Chinese hamster ovary cells (CHO cells), African green monkey kidney cells, hybridomoas 
constructed by fusing a parent cell (myeloma, etc.) with a useful substance-producing 
normal cell (lymphocyte, etc.), and the like. Typically, the compounds of the Invention are 
incorporated into cell culture media at a bacteria inhibiting amount, e.g., a concentration of 
about 0.0001 to about 10 micrograni/m!, preferably about 0.0001 to about 1 microgram/ml, 
and more preferably about 0.001 to about 0.1 microgram/ml. Any conventional cell culture 
medium known in the art can be used. 

In accordance with the foregoing the present invention provides in a yet further aspect: 

7. A method for preventing bacterial contamination of a cell culture medium comprising 
incorporating into said cell culture medium a bacteria inhibiting amount of a 
compound of the invention, e.g. of formula (I), or a pharmaceutically acceptable salt 
thereof. 

8. A cell culture medium comprising, a bacteria inhibiting amount of a compound of the 
invention, e.g. of formula (I), or a pharmaceutically acceptable salt thereof. 

The foregoing invention has been described in some detail by way of illustration and 
example. It will be obvious to one of skill in the art that changes and modifications may be 
practiced within the scope of the appended claims. All patents, patent applications and 
publications cited in this application are hereby incorporated by reference in their entirety. 



Compound of the invention 
Witepsol® H-1 5 



500 mg 
2000 mg 
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CLAIMS: 



A compound of formula (I) 



H 




(I) 



2. 



wherein X is -CH^, -CH(OHK -CH(OR)-, -CH(SH)-. -CH(SR)-, -CFr. -C=N(OR). 
or -CH(F)s wherein R is alkyi; 
Ri is aryl or heteroaryl; 

each of R2. Ra. R4 and R5 independently is hydrogen or alkyI, or (Ra or R3) and (R4 or 

R5) collectively form a C4.7 cycloalkyi; and 

n is 0 to 3, provided that when n is 0. X is -CH2-; 

or a salt thereof or a prodrug thereof. 

A compound according to claim 1, wherein X is -CH2-; Ri is heteroaryl; R2, R3 and R4 
are hydrogen; R5 is n-butyl and n is 1 ; or a salt thereof or a prodrug thereof. 

A compound according to daim 1 or 2, wherein heteroaryl Is a residue of fonmula (II) 



wherein each of Re, R7, Rs and R9 independently Is hydrogen, alkyI, substituted alkyl. 
hydroxy, alkoxy. acyl, acyloxy, SCN, halogen, cyano, nitro, thioalkoxy, phenyl, 
heteroalkylaryl, alkylsuJfonyl, or fonmyl; or a salt thereof or a prodrug thereof. 




(II) 
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4. A compound according to claim 1 or 2, wherein heteroaryl is a residue of formula (III) 




wherein each of Re, Rr. Rs and Rg independently is hydrogen, alkyl, substituted alkyi, 
phenyl, halogen, hydroxy or alkoxy. 



5. A compound according to any one of claims 1 to 3, wherein Ri is a heteroaryl of 
fonnula (11.1) 




wherein Re, Re and R9 are hydrogen and R7 is ethyl or methoxy, 
or a salt or a prodrug thereof. 

6. A compound according to any one of claims 1 , 2, or 4, wherein Ri is a heteroaryl of 
fomiula (111.1) 




(IIU) 



wherein Re, Rr and Rg are hydrogen and Re is fluoro or trifluoromethyl, 
or a salt or a prodrug thereof. 

7. A process for preparing a compound of fonmula (I) according to claim 1 which 
process comprises reacting a compound of formula (V) 
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H. 




OH 



(V) 



wherein Rg, R3, R4 and R5 are as defined in claim 1 and Y is a hydroxy protecting 
group, or a functional derivative thereof, with a compound of formula (VI) 



wherein Ri, X and n are as defined in claim 1, and X' Is NH or O, and where required, 
converting the resulting compounds obtained in free form into salt forms or vice 
versa. 

8. A pharmaceutical composition comprising a compound of fonmula I according to 
claim 1, or a pharmaceutically acceptable salt or a prodmg thereof, in association 
with a pharmaceutically acceptable diluent or carrier therefor. 

9. A compound of formula 1 according to claim 1, or a pharmaceutically acceptable salt 
or a prodrug thereof for use as a pharmaceutical. 

10. A method for treating and/or preventing an Infectious disorder in a subject comprising 
administering to the subject an effective amount of a compound of fomnula I according 
to claim 1 , a pharmaceutically acceptable salt thereof or a prodrug thereof. 

11. A method for preventing bacterial contamination of a cell culture medium comprising 
incorporating into said cell culture medium a bacteria inhibiting amount of a 
compound of formula I according to claim 1 , or a pharmaceutically acceptable salt 
thereof. 

12. A cell culture medium comprising, a bacteria inhibiting amount of a compound of 
formula I, or a pharmaceutically acceptable salt thereof. 




(VI) 
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